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TRAINING FOR RESEARCH 


HE annual dinner of the Association of British 

Chemical Manufacturers on October 12 was 
notable for two speeches in which the question of 
the relations between industry and the universities. 
particularly in regard to research, was discussed from 
the industrial point of view. They are thus comple- 
mentary to recent discussions, in the Nuffield College 
Statement and the report of the University Grants 
Committee, where the academic aspect was dominant. 
Sir Robert Robinson, after a passing reference to the 
importance to chemical industry of the duty on light 
hydrocarbon oils, in which he advocated not only its 
retention but also extension of the duty and the 
refund scheme to cover solvents as well, reviewed the 
question of research in the universities. Sir Robert’s 
opinion that the main function of the universities 
and colleges is the training of students cannot be 
taken as implying that research is only a secondary 
function. In this speech he reiterated the view that 
academic research should be basic and general in 
character and not, as is usual in industrial research, 
directed to limited and specific objectives 

No one could suggest that Sir Robert was unmindful 
of the importance of academic research, not only in 
itself, but also as a factor in keeping the university 
teacher at the frontiers of advancing knowledge. His 
remarks, like those of Sir Harry Jephcott, the chair- 
man of the Association, who followed Sir Robert, 
may well help, however, to put the question of 
university training and postgraduate research into a 
proper perspective and stimulate fresh thought as to 
what should, and what should not, be taught at the 
universities. Sir Harry Jephcott also pointed out 
that the research and development in which industry 
is directly interested is not the function of universities 
and similar institutions ; their functions, he said, are 
to teach and to train, and training in research is an 
integral part of the educational activity—though not 
necessarily for all students as Sir Harry’s words might 
imply. 

If the universities were to confine their training in 
research to those who show promise of real aptitude 
for academic research and in the main would follow 
an academic career, one step would have been taken 
towards dealing more effectively with the problems 
of university expansion. The demand for suitably 
trained students to take their place in industrial 
research, which Sir Robert said is greater than the 
supply, is not necessarily a demand for those trained 
in academic research. It is primarily for men with a 
scientific training and outlook, but for technologists 
rather than for men whose bent is to follow an 
academic discipline. As Prof. E. B. Moullin said in 
his presidential address to the Institution of Electrical 
Engineers on the same day, what we are short of is 
trained technicians; but the provision of them is 
not the responsibility of the universities. 

Prof. Moullin perhaps went a little too far when he 
asserted that we are not short of university graduates 
in Great Britain and have no desire for the supply to 
increase by more than about ten per cent; and again, 
when he argued that three years of training 
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discipline of academic research would make some 
students unemployable as research workers in indus- 
try, even if he was referring primarily to engineers. 
None the less, he may well be right in suggesting that 
the training of research students should no longer be 
& major activity of the university, and that the large 
pool of research students in the universities should 
be distributed through industry for their industrial 
and research training. Some of these students would 
return later for further training in the university, 
and with a much better appreciation of the purpose 
and meaning of the problems they were setting out 
to solve. 

The suggestion made by Prof. Moullin that such 
students would return bringing their own problems 
with them, however, appears to run counter to the 
view which Sir Robert Robinson and others firmly 
maintain, that applied research is not the function of 
the university. Furthermore, it contradicts his own 
contention that the universities need not fear being 
overwhelmed by their engineering schools, provided 
they insist that these schools focus their activities 
mainly on teaching undergraduates and attending to 
their welfare. Nevertheless, it is well that we should 
be reminded that industry must not look to the 
universities for the direct solution of its problems, 
and that it should concern itself with the training of 
its recruits whether for research or production within 
its own organisation. Prof. Moullin did well to stress 
the opportunity and freedom for research which exist 
in the research departments of a large industrial 
firm ; such departments have, indeed, facilities and a 
balance of outlook which cannot be provided in a 
university. 

In this spirited defence of industrial research, how- 
ever, the value of academic research was not over- 
looked. Sir Harry Jephcott recognized that some of 
the research carried out in universities often proves 
of great interest and even of direct practical service 
to industry. This is especially true of basic research 
undertaken primarily for the advancement of scientific 
knowledge ; and in sgeking to solve its problems by 
research conducted in its own laboratories, industry 
must always be aware of what is being done in the 
laboratories of the great teaching institutions. In 
this connexion Sir Harry referred to the importance 
of prompt and full publication of results through the 
journals of the various scientific societies. He was 
concerned at the considerable gap now existing 
between the funds available to the learned societies 
and the cost of publication, due to the trebling of 
costs as well as to the great increase in the 
volume of research, and the fact that membership 
fees have increased to a point which threaten 
diminishing returns. 

In his speech Sir Harry quoted scme figures 
regarding expenditure to illustrate the way in which 
chemical industry appreciates the vital importance of 
research to its efficiency and productivity. Current 
annual expenditure on research and development at 
the end of 1948 was £8,500,000, and projects were at 
that date in hand for capital expenditure of £8,300,000 
on further facilities for research and development 
which, when available, would bring the annual 
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expenditure to £11,500,000. The ratio 
expenditure to sales he estimated as proba! 
2°7 per cent or a little higher ; the industry js 
employing more than 10,000 highly trained 
in research and would probably require 13,00 
years to come. 

The only other industries expending sums of the 
same magnitude are aeronautics and automotive 
engineering together, and electrical engineering. Sir 
Harry recognized that it is necessary to satisfy criticg 
that such considerable resources of materials and 
man-power are being wisely used, and said that in 
his view the record of the industry shows its com. 
petence to manage its affairs with discretion. If the 
research effort of private industry is to be subject to 
efficiency audit, that of government institutions and 
of the universities can scarcely escape, as indeed wag 
implied in a recent report from the Committee of | 
Public Accounts. In its first annual report, the 
Advisory Council on Scientific Policy estimated that 
some 2,500 scientific workers are employed by the 
various Civil departments, besides a further 1,200 in 
the research associations. The current report of the 
Department of Scientific and Industrial Research 
gives the staff of the Department in 1948 as 3,090, 
without distinguishing those employed by the research 
associations, and contemplates an eventual increase 
to 5,000, or little fewer than the 5,500 who, according 
to the Advisory Council on Scientific Policy, are 
engaged on defence research. 

The latest returns from the University Grants 
Committee give the total number of full-time 
university staffs in Great Britain of the grade of 
lecturer upwards as 4,428. Even on the assumption 
that all of them spend some time on research, the 
most generous estimate in man-hours of the time 
devoted to research can be no more than that of the 
scientific staff of the research associations alone, and 
there are no figures to indicate the proportion of 
scientific workers in this total of 4,428. When we 
take into account the warning which Dr. C. E. Raven 
gave on retiring from the vice-chancellorship of the 
University of Cambridge on the dangers attending 
the understaffing and overworking of a university—a 
warning which other university authorities have also 
given—it is clear that at the present time the research 
effort of the universities in the field of science is 
relatively small compared with that of industry 
itself and the government departments. Quite apart 
from the question of whether or not the existing 
effort is sufficiently concentrated again on the funda- 
mental problems from which it was diverted during 
the war years, quantitatively the presumption is that 
fundamental academic research requires expansion to 
restore its balance if the long-range national interest 
is not to suffer. 

The question of maintaining university standards 
is the most vital in the whole problem of university 
expansion, and the real: value of Prof. Moullin’s 
presidential address lies in its emphasis on the truth 
that the solution is not to be found in terms of 
buildings, finance or staff alone. An important con- 
tribution is to be found in relieving the universities 
of the extraneous duties and responsibilities which 
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diverting to them those who require a technical 
training rather than a severely academic discipline, 
objection is likely to be raised that we will be pro- 
ducing narrow technicians and not the men and 
women of wide outlook required in the modern world. 
We must, indeed, make up our minds n what we want, 
and n the appropriate means for training both tech- 
nologists and other academic and professional men. 
But it is clear from Prof. Moullin’s remarks that the 
whole weight of professional associations such as the 
Institution of Electrical Engineers is likely to be 
thrown against the idea of the ‘mono-technic’. Such 
associations are unlikely to support any narrow 
specialized training divorced from contact with other 
branches of study, and producing technicians incap- 
able of taking their place in a democratic community. 

Professional organisations in general are fully alive 
to the dangers attending narrow specialization, and 
the closer association of such bodies and of industry 
with the universities and technical colleges in the 
formulation of policy for university and higher tech- 
nological education should go far to ensure that 
expansion of the technical colleges has no such 
untoward results. Now that the responsibility for the 
development of higher technological education has 
been placed on the University Grants Committee, it 
is to be hoped that early means will be found of 
enlisting the support of the professional institutions. 
Nor should the remarks of Prof. Moullin or of Sir 
Harry Jephcott be overlooked by the Advisory 
Council on Scientific Policy, on the shoulders of which 
still rests a large measure of the responsibility for 
ensuring that there is a reasonable balance in the 
distribution and maintenance of Great Britain’s effort 
in scientific and industrial research. 


A DESCRIPTION OF PENICILLIN 


The Chemistry of Penicillin 

Report on @ Collaborative Investigation by American 
and British Chemists under the joint sponsorship of 
the Office of Scientific Research and Development, 
Washington, D.C., and the Medical Research Council, 
London. Compiled under the auspices of the National 
Academy of Sciences, Washington, D.('., pursuant to 
a Contract with the Office of Scientific Kesearch and 
Development. Editorial Board: Hans T. Clarke, 
John R. Johnson and Sir Robert Robinson. Pp. x+ 
1094. (Princeton, N.J.: Princeton University Press ; 
London: Oxford University Press, 1949.) £9 9s. net. 


"ae unique biological properties of penicillin. as 
shown by its high toxicity to certain bacteria 
and tolerance by the mammalian organism, gave 
such promise of medical value that an unprecedented 
e fort was made to work out the chemical constitution 
of penicillin in order to devise methods of chemical 
synthesis which could be used on a commercial scale. 
The objective which provided the impetus to the 
research has not been achieved, however, and it is 
not likely that the present biosynthetic methods will 
be superseded by chemical methods in the near future. 

The work described in the monograph under review 
may consequently be said to have failed in its prac- 
tical aim. But the brilliant researches which have 


led to a chemical description of penicillin that is now 
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almost complete, and to many incidental funda- 
mental observations, made as it were by mistake, 
show how fortunate it was that the immediate 
practical failure could not easily have been foreseen. 

At the time when the research was being carried 
out, its potential value for the preservation of human 
life made it necessary to restrict publication to secret 
reports circulated between the interested laboratories 
in Great Britain and the United States. It was not, 
of course, intended that the confidential reports 
should be made available to a wider circle of readers ; 
for they were hastily produced and circulated so that 
the widely scattered groups could take immediate 
advantage of all the available information and 
theoretical speculation bearing upon the problem. 
There were forty-odd groups which participated in 
the experimental and theoretical work, and a total 
number of research workers about one order of 
magnitude higher. 

At the end of the War, it would clearly have been 
undesirable for the work to be published without 
special co-ordination. The Medical Research Council, 
in London, and the Office of Scientific Research and 
Development, in Washington, D.C., agreed that it 
would be best to publish the findings in a logically 
planned monograph, divided into chapters according 
to chemical classification and physical techniques ; 
and that the chapters should be contributed, so far 
as possible without personal bias, by the participants 
in the research best qualified by their familiarity with 
the selected subject-matter. The unique volume 
which has resulted makes one wish that this highly 
civilized procedure had more often been adopted. 

The intricacies of the research are unravelled as a 
surprisingly readable story. After the early isolation 
of 88-dimethyleysteine as a hydrolytic product of 
penicillin, it was realized that the composition of the 
other fragment of the molecule depends upon the 
source of the penicillin, and that there is therefore 
more than one natural penicillin. Simple chemical 
degradation studies showed the acidic group of 
penicillin to be the carboxyl of the dimethylcysteine 
moiety, and on the basis of chemical and X-ray 
crystallographic analysis of the degradation products, 
the thiazolidineoxazolone structure was proposed : 


° s 
4 


4 
R—C=N—CH—CH C(CH,), 


O _t0 NH—CH— COOH. 

The lack of a basic group indicated by electrometric 
measurements favoured the alternative 8-lactam 
structure, which was soon supported by X-ray 
analysis, infra-red absorption spectral measurements 
and thermochemical data : 
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ZN 
R—C—NH—CH—CH C(CH,), 
i do & CH—COOH. 

Strong organic chemical evidence for the §-lactam 
structure was also provided by the action of Raney 
nickel on penicillin, and of the interaction of peni- 
cillin with thiocyanate, the latter resulting in the 
production of a thiohydrouracil, identified by means 

of ultra-violet absorption spectrophotometry. 
In a section on the constitution of the penicillins, 
Sir Robert Robinson observes that the search for a 
paper formula is often illusory and that he believes 
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this to be the case with penicillin. The facts 
easy change of penicillin to an oxazolone 
(penicillenate), on one hand, and to an u 
8-lactam (desthiopenicillin), on the oth: 
adequately be accounted for on the basis 
formula. The theoretical situation is, how 
siderably clarified by assuming that the 
and 8-lactam structures are isomers, connect 
intermediate electromer of the thiazolidineo 
which is at the same time a protonome: 
8-lactam : 
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A ‘protonomer’ is defined as an isomeric fori which 
results from the transfer of a proton, as, for example, 
in the formation of the zwitterion of the x-amino. 
acids. As a matter of little consequence, | would 
venture to suggest that ‘protomer’ would be more 
logical and more euphonic than ‘protonomer’. 
Penicillin is revealed as a new type of substance 
which probably possesses a new type of mobile 
tautomeric structure, an observation which should 
be given serious consideration in relation to the 
unique biological activity of penicillin. It has never 
been shown conclusively that the biologically active 
unit which initiates the symptoms shown by sensitive 
cells into which penicillin has penetrated is the whole 
penicillin molecule. It may be, for example, that 
part of the toxic activity of penicillin is due to the 
liberation of D-83-dimethyleysteine inside the cell, 
or the ready conversion to a thiouracil derivative 
may provide a clue to the toxic mechanism. At all 
events, it is to be hoped that the rather forbidding 
exterior of the monograph and its narrow title will 
not prevent observations bearing upon the potential 
reactivity of the penicillin molecule from attracting 
the attention of those who are interested in extending 
our description of the properties of penicillin int 
the biological field. PETER MITCHELI 


TOWARDS THE MEANING OF 
THOUGHT 


The Foundation of Human Thought 

The Problem of Science and Ethics. By Prof. Fr. 
Vinding Kruse. Pp. 404. (London: Oxford Univer- 
sity Press; Copenhagen: Einar Munksgaard, 1949. 
308. net. 


T the present rate of change in world affairs, it 
is becoming increasingly difficult to find an 
atmosphere caim enough in which to take stock, and 
to attempt an assessment of relative values. Simult- 
aneously, we are even enjoined to leave our ‘ivory 
tower’—if ever we thought we lived in one—and to 
get to grips with events. The good advice, occasion 
ally tendered to travellers on the western side of the 
Atlantic, to ‘sit back and relax’ is out of favour 
Thus, the very qualities, seemingly so necessary for 
finding our way, are more or less frowned upon 4s 
symptomatic of philosophic indolence. How refreshing 
it is, therefore, to have a book by a distinguished 
Danish professor, who does all the things, and thinks 
all the thoughts, disdained by the advocates of ‘up 
and doing’. 
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Now this is a somewhat remarkable phenomenon, 
and needs for its due interpretation a fair degree of 
patience upon the part of the reader; and for this 
reason. Prophets and seers who presume to put the 
world to rights are not uncommon—many of them, 
however, emit “‘great swelling words’’ (as the psalmist 
puts it with a cocksureness scarcely to be believed. 
Not so, however, Prof. Vinding Kruse, whose diffi- 
dence and humility make his contribution worthy of 
high esteem, both on the score of scholarship and of 
insight. This, naturally, does not make for easy 
reading and clear-cut conclusions. The present volume 
is a translation from the original script of 1942, 
which may explain one or two passages the meaning 
of which is not altogether clear in 1949. But that is 
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a trifle. 

Quite early we are faced with ‘‘evaluations’”’. This 
does not convey to English-speaking readers just 
what the author means. Prolix as it sounds, there is 
nothing for it but to say ‘‘axiological judgments’’, for 
that is what it amounts to. Thereafter the urge to 
frame an ethical system capable of giving a descrip- 
tion of morality, and to ask whether it is possible to 
establish it scientifically, receives all the force such 
a cause should demand. 

Any attempt to put these great questions in their 
proper setting clearly involves a historical account of 
the development of human thought throughout the 
ages, and this the author provides with skill and 
restraint. As usual, the basic contribution of Thales 
of Miletus stands out, and so does the pain in the 
mind of Socrates in observing so much technology 
and so little self-knowledge. For the rest, a dis- 
tinguished review of the Stoics’ position finds a 
reflexion—with a difference—towards the end of the 
book, where an eloquent plea is made to be in the 
world but not of it. Over against the traditional 
doctrine of the balance of power stands for each and 
every individual this poise between negation and 
excess. Here perhaps is the place to record a valuable 
caution-signal exhibited as the theme unfolds, 
namely, the danger of an ethical vacuum in human 
life. Hazardous indeed is it to preach peace and 
goodwill in a riotous world, and telling people not to 
injure their neighbours, if some positive action 
towards better things is not at hand to carry off any 
pent-up energy. Otherwise, all empty, swept and 
garnished, the last state is worse than the first. 

The crux of the whole matter is that the author 
considers that the fundamental query has never 
been adequately posited. Thus, what is ‘knowing’ ? 
Logical positivism, for example, is of little avail ; in 
such a system all dispositions like ‘ought’ or ‘must’ 
are meaningless, since they cannot be verified through 
sense observation. Manifestly, for one seeking moral 
grounds, no help is forthcoming from the Vienna 
Circle, or from any of their immediate successors. 

Yet the deep longing for simplification has often 
invaded human thought, at times showing itself in a 
desire to get behind the obvious, and to find unity, 
even if overlaid by variety. A psychological theory, 
such as that of Gestalt, with its insistence upon 
wholes which may later be broken up, gives no proof 
of the existence of external things. So the quest 
goes on, for a criticism of criticism. 

At this point, though the writer does not say as 
much, it seems as if he was beckoning to the meta- 
sciences to come to his aid. His erudition leads one 
to expect that he would be as conversant with them 
as he is with jurisprudence. He makes no direct use 
of semiotics (or semantics). Yet metaphysics may 
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return one day as a critic of knowledge. To capture 
the elemental question again, Prof. Kruse puts the 
recognition of likeness and difference first and fore- 
most as a basic condition of all knowledge. This 
suffices for the formal sciences; in the practical 
sciences, however, causal or law-bound relationships 
enter as well. 

From here it is but a natural step to contemplate 
the apparently dual forms under which experience- 
physical, biological and even social—presents itself 
to our senses. What, in fact, has one of the most 
profound intellectual achievements of our time, the 
principle of complementarity, to say about this ? 
Denmark has deserved well in that another of her 
sons has given this powerful weapon of the mind to 
our generation. Prof. N. Bohr has, in fact, hinted 
at the use of his principle in these very same 
problems. 

We arrive now, and in the light of these thoughts, 
at what Prof. Kruse considers a fundamental faculty, 
and supposedly the source of all human knowledge 
and action, that which he calls a “feeling-ahead’’. 
(Is there not more than a touch of Aristotelianism 
about it?) That this tentative, groping quality is 
very close indeed to rock-bottom is indubitable. How 
characteristic it is of great men of science, historians, 
artists and others, once it has been pointed out. 
And how sharply it stands differentiated from the 
confident technique of the copyist and of the second- 
rate. 

Epistemology, as here envisaged, establishes both 
ethics and jurisprudence as sciences. Well may this 
be: it is, however, wholly outside the compass of 
this review to discuss what that implies, namely, the 
theological counterpart, except to remark that here, 
too, Prof. Kruse writes with a charity at once prudent 
and generous. By what means soever such knowledge 
has been won, it contributes something valuable to 
man’s heritage, something worth all the strife entailed, 
something axiologically meaningful. 

Nobody sheuld take up this book in a hurry, but 
once they have, they will not readily put it aside. 
It is unlikely that for some time to come a more 
percipient mind will present a richer yield, raised 
from the depths of human thought. 


I. G. Rawtmoes 


COLOUR MEASUREMENT AND 
COLOUR SPACE 


Physical Aspects of Colour 

An Introduction to the Scientific Study of Colour 
Stimuli and Colour Sensations. By Dr. P. J. Bouma. 
(Philips Technical Library.) Pp. 312. (Eindhoven : 
N. V. Philips Gloeilampenfabrieken ; Lendon : 
Cleaver-Hume Press, Ltd.; New York: Elsevier 
Publishing Co., Inc., 1948.) 30s. 


T must have pained the early workers to find the 

problems of colour slip elusively over the border- 
line between physics and psychology whenever the 
measuring-rod was applied. It has taken many 
generations to evolve a vocabulary in which to state 
the problems, and to decide which of these lie pro- 
perly or conveniently within the purview of physics. 
The Commission Internationale d’Eclairage (C.I.E.) 
has systematized the measurement of colour during 
the past twenty-five years, and Dr. P. J. Bouma’s 
book gives a lucid account of the now established 
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principles of the subject and shows in a masterly way 
how they are applied in practice. 

The book starts with the axiom that three para- 
meters, for example, hue, saturation and _ bright- 
ness, are needed to specifyea colour sensation, and 
the next stage is to define the standardized concept 
of objective brightness (now ‘luminance’). The inter- 
national relative-luminosity curve, based on the 
measurements of Guild and Wright, is then discussed. 
The meaning of ‘white’ is illustrated with reference 
to the standard illuminants of the Commission : 
A, B and C, and the equal-energy source EZ. Then 
follows an account of the development of the chrom- 
aticity diagram or colour triangle, from the general 
figure in terms of three primaries to the RGB triangle, 
and that based on the non-spectral primary colours 
known as XYZ, which includes the locus of the 
spectral colours within its boundary. Three tri- 
chromatic coefficients locate a colour point on the 
appropriate figure; but they are not independent, and 
the point can equally well be fixed by two quantities, 
dominant wave-length and purity. If three para- 
meters are essential, then the colour diagram should 
be three-dimensional, as Helmholtz and, more 
recently, Schrédinger suggested ; and this leads to 
the idea of the representation of a colour by a point 
in ‘colour space’. 

In colour space a given chromaticity is represented 
by a straight line through the origin, all points on 
this line differing only in brightness, which is repre- 
sented by the distance from the origin. Any three 
lines representing chosen primaries, such as RGB 
or X YZ, serve as axes. The brightness of the three 
primaries which, when mixed, match a given colour, 


are the co-ordinates of the point representing that 


colour, which is then completely specified. Rules for 
the transformation from one set of axes to another 
are given, consistent with the observation that a 
colour can be matched in innumerable ways by suit- 
able mixtures of different sets of three primaries. 

The law of addition, that the mixture of colours of 
co-ordinates X,, Y,, Z, and X,, Y,, Z, gives the 
colour (X, + X,),(¥,+ Y,), (Z, + Z,), is illustrated 
by numerous worked examples, and the rule for 
finding the trichromatic coefficients in the corre- 
sponding plane diagram from the space co-ordinates is 
explained. These examples form a valuable part of 
the book, and after reading on page 98 the calculation 
of the colour point and trichromatic coefficients for a 
mercury lamp, the reviewer first realized that the 
‘space’ system is really simple to use in practice. 

A chapter on some special sources and colours deals 
with black-body radiation and the determination of 
colour temperature, and describes the behaviour of 
pigments and filters, the effects of which are compared 
with the boundary colours observed when an iljumin- 
ated edge is viewed through a prism held to the eye. 
Practical colorimetry is surveyed briefly in two 
chapters, in relation to the chromaticity diagram. 
The chapter on defective colour vision gives the 
generally accepted account, though this is supple- 
mented with references to recent work. The same 
might be said of the account of the historical develop- 
ment of colour science, which is intentionally dis- 
cussed briefly and late in the book, as it does not con- 
tribute to the main development of the argument. 
Then follows a summary of some of the more recent 
observations on discrimination and adaptation, and 
the final chapter deals with practical applications in 
illuminating engineering and methods of colour 
reproduction. 
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At the end, fifteen tables of data for colow 
tions and eighteen pages of references rou 
work which should be a valuable handbook | 
specially interested in this field. It can 
recommended to the non-specialist who \ 
become familiar with modern methods o{ 
measurement. The translation from the Dut 
faultlessly ; the technical terms agree on t! 
with the preferences of the Physical Society's 
on Colour Terminology (1948), though som: 
newer words do not appear, possibly beca 
were not available at the time the work w lone. 

G. R. Ne ES 
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STRUCTURAL CHEMISTRY 


Chemismus und Konstitution 

Von Dr. ternd bistert. and 1: Grundlagen und 
einige Anwendungen der chemischen E.lektronep. 
theorie. Pp. ix+387. (Stuttgart: Ferdinand Enke, 
1948.) 41.50 D. marks. 


HIS interesting book is the first volume of a 

treatise upon the application of the facts and 
theories of atomic and molecular structure to chemical 
problems. A second volume is promised; and the 
whole will bring up to date, and greatly extend, the 
same author’s earlier monograph, ‘““Tautomerie und 
Mesomerie”’. As is appropriate in a first volume, the 
book deals mainly with questions of structure, and 
in doing so it follows normal lines. The treatment 
is descriptive throughout; the author uses no 
mathematics. 

A brief account of atomic structure is followed by 
the formal electronic theory of chemical bonds, and 
by a discussion of such topics as ionic and covalent 
radii, bond energies and angles, polarity (dipole 
moments), light absorption, conjugation (in which 
the author follows E. Hiickel), the outlines of chemical 
thermodynamics and kinetics (very brief), acids and 
bases, intermolecular forces and molecular com. 
pounds. In his discussion of ‘inductive ef ects’, the 
author defends the reality of an alternating e! ect in 
saturated chains. In the last eighty-six pages of the 
book, he starts on a systematic treatment of 
reactions with a discussion of addition, substitution 
and elimination. 

The above bare summary is actually filled in with 
a wealth of valuable detail drawn from both inorganic 
and organic chemistry. For example, the long chapter 
on intermolecular forces and complex compounds 
diseusses hydrogen bonds, Friedel-Crafts catalysts 
considered as generalized (‘Lewis’) acids, anion 
bridges, and ~-complexes, as wel! as the classical 
inorganic co-ordinate compounds. 

Although English-speaking readers will not find 
much that is unfamiliar to them in the theoretical 
aspect of the book, and most of its essential content 
is covered for them by well-known books written in 
English, it has, particularly for them, a compensating 
value as a rich source of instances and examples 
drawn from Continental literature. At the same time, 
the author has been at pains to include the results 
of British and American work, even the most recent ; 
and he lists, in his preface, a number of works written 
in English which were accessible to him. The book 
is a most useful source of information, and the second 
volume will be awaited with interest. 

Gwyn WILLIAMS 
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tlcula. 
! off a 
those 
note | 
€8 to 
olour 
reads | HE academic year 1948-49 marked the centenary 
whok 3 f the University of Wisconsin, which opened its 
eport ig first class on February 5, 1849. From twenty students 
f the Mat that time it now has eighteen thousand, with about 
they seven hundred staff members of professorial rank. 
lone Actually, the University was planned and provided 
ES for by law in 1838, before Wisconsin was admitted 
to statehood—remarkable evidence of the importance 
attached to education by the ear!y settlers. 
The centennial celebrations have been marked by 
Y , series of meetings and symposia, held at intervals 
throughout the academic year; the last of these 
sonsisted of two groups of meetings in plant sciences. 
und Three days were devoted to the mineral nutrition of 
tronen. plants and three more to plant growth substances. 
1 Enke, Both sessions were opened by Prof. Ira Baldwin, 
vice-president of the University. When it is also 
realized that the president of the University is E. B. 
re of a Fred and the dean of the Graduate School is C. A. 
‘ts and @ Elvehjem, it will be clear that biologists play a most 
vemical @ important part in this University. However, it is by 
nd the no means a disproportionate role, since, at least on 
nd, the @ the plant side, biology is very active in Wisconsin, 
te und @ and the staff is remarkably large. In the meetings 
ne, the devoted to plant growth substances no less than ten 
‘e, and @ of the papers (there were thirty-nine in all) were by 
at ment members of the University staff, and they included 
‘es no @ a variety of different types of work. 
red by Mineral Nutrition of Plants 
8 
mth The programme for the first symposium included 
dipole the following topics (names of authors of papers are 
which given in brackets): world food possibilities and fer- 
emical tility status of our soils (C. E. Kellogg and A. C. 
is and @ Orvedal); physico-chemical and biological factors 
com affecting nutrient availability in soils (E. Truog, 
:, the @ C- E. Marshall, Lyman A. Dean and Roy Overstreet, 
ect in Hans Jenny, J. B. Page and G. B. Bodman, A. G. 
of the Norman) ; mechanism of entry and translocation of 
nt of mineral nutrients in plants (Hans Burstrém, D. R. 





Hoagland and T. C. Proyer, 0. Biddulph); field 
problems in plant nutrition (Damon Boynton and 
Jackson Hester) ; role of minerals in plant nutrition 


bution 



















w 

— (D. I. Arnon, W. J. Loehwing, R. A. Steinberg) ; 
apter modifying influence of various environmental factors 
yunds upon mineral metabolism (R. B. Withroe, C. H. 

lysts Wadleigh and L. A. Richards, H. F. Clements). 
anion Drs. Kellogg and Orvedal presented a masterly 
gsical @ Survey of the world food outlook and the role of 
American agriculture in it. They pointed out that 
find striking increases in yields had occurred within very 
tical recent times in major crops such as wheat, due to 
atent the maintenance of rust resistance, and corn, due 
on in largely to the use of hybrid seed. Similar changes 
ating were taking place in a wide variety of minor crops 
nples also. Activity in pure and applied research bearing 
ine on agriculture is greater than ever. While yields per 
sults acre are, of course, very high in some European 
ent; countries, the application of scientific methods to 
‘tten agriculture in the tropics has so far been limited to 
»00k a few areas well supplied with European men of 
ond science. The cost of preparation of land in the tropics 
may be high, but the possibilities in crop yields there 
is are very great. On the whole, therefore, they were 





inclined to view the prospect of feeding a steadily 
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increasing world population with reasonable equan- 
imity, providing only that the continued necessity 
for the application and extension of scientific agri- 
culture throughout the world is understood. The 
last paper, that of Dr. Clements, provided a good 
example of present progress of this sort ; by analysing 
the leaves, and especially the leaf bases, of sugar cane 
throughout its growth, the responses of the plant to 
changes in external conditions can be very closely 
followed and its needs in terms of mineral nutrients 
gauged precisely. 

As might be expected, problems of the availability 
of inorganic constituents were very much to the fore 
in this symposium; the instance of plants showing 
zine deficiency in California on soils which by analysis 
are rich in zine exemplifies the extent to which 
adsorption or fixation on soil colloids can occur. The 
five papers dealing with aspects of this topic were 
of a high standard and represented extensive re- 
searches. 

In the session dealing with uptake and transloca- 
tion of mineral nutrients, the points of view of the 
Lundegérdh and Hoagland schools were ably pre- 
sented by Drs. Burstré6m and Proyer respectively. 
Unfortunately, the meeting was too large for an 
active discussion to develop, though the lively interest 
of many of those attending was obvious. By a 
distressing coincidence, the untimely and deeply 
regretted death of Prof. Hoagland was announced 
three days later. 


Plant Growth Substances 


The programme for the second symposium was 
somewhat longer. General subjects and authors were 
as follows: General session (A. J. Haagen Smit, 
K. V. Thimann, T. Kerr, Hans Burstrém, A. F. 
Blakeslee, F. W. Went, P. W. Zimmerman); role of 
growth substances in plant metabolism (R. H. Burris, 
K. V. Thimann, G. S. Avery, jun., F. G. Smith) ; 
tissue responses to growth substances (A. R. Schrank, 
J. W. Mitchell, J. M. Beal, B. E. Struckmeyer, 
P. W. Zimmerman) ; practical applications of plant 
growth regulators (K. C. Barrons, R. S. Dunham, 
F. E. Gardner, J. van Overbeek); role of growth 
substances in vegetative development (P. R. White, 
Nancy Kent Zieber, F. Skoog, F. W. Went); role 
of growth substances in reproductive development 
(J. Raper, G. M. Smith, A. E. Murneek, R. H. 
Roberts, F. G. Gustafson, R. Muir, 8S. H. Wittwer) ; 
role of growth substances in pathological growth 
(R. 8. de Ropp, A. C. Hildebrandt, A. J. Riker and 
J. Thomas, T. C. Allen, E. H. Newcomb); roles of 
vitamins and amino-acids as growth factors for 
plants (E. E. Snell, E. L. Tatum, W. J. Robbins). 

At the opening session Dr. Haagen Smit described 
the early development of the ‘Avena test’, the 
isolations first of auxin a and 6} and then of indole- 
acetic acid from plant material. He also discussed 


the inactivation of auxin a, especially the efiects of 
light, and their postulated relationship to photo- 
tropism. Dr. Thimann then took up the synthetic 
work, beginning with the role of transport and other 
factors and the concept of primary growth activity, 
discussing the use of the pea test, and outlining the 
main generalizations that have been developed as to 
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the relation between chemical structure and auxin 
activity. He conciuded by presenting a new theory 
of auxin action, which depends on the close relation- 
ship between growth and the metabolism of the 
organic acids, a subject on which he presented 
experimental results in the session on metabolism. 
Dr. Kerr’s presentation of the present concepts of 
primary wall structure raised some _ interesting 
problems, since the long interwoven fibrils of cellulose, 
now almost certain to comprise the main skeleton, 
do not seem to provide enough elasticity. He sug- 
gested that perhaps the elastic properties of the 
primary wall are due to its pectin rather than its 
cellulose content, and instanced the highly elastic 
nature of pectin and pectate gels. In an evening 
session, Dr. Went described his well-known experi- 
ments demonstrating the presence of a diffusible 
‘growth substance’ in Avena coleoptiles; the first 
positive result was obtained one night at 3 a.m. ; 
but Prof. Went, sen. (F. A. F. C. Went), on being 
waked, refused to view the plants and merely said, 
“If it works, you can repeat it to-morrow”. 

The role of nitrogen metabolism in growth pro- 
came into several papers. Dr. Burstrém 
described how elongation of the wheat root depends 
on nitrogen supply and is accompanied by protein 
synthesis. However, high nitrogen supply does not 
prolong the duration of its growth: that is, the 
nitrogen is not the primary limiting factor. Dr. 
Skoog reviewed his extensive experiments on the 
role of adenine in promoting both formation and 
development of buds in tissue culture, and in opposing 
the bud-inhibiting effects of auxin. Particularly for 
roots the role of amino-acids and B vitamins in 
growth can be readily analysed, as described by Dr. 
Robbins in the closing session, while, of course, apical 
parts, callus, ete., which can be grown on synthetic 
media with the addition only of indole-acetic acid, 
cannot be said to have amino-acid requirements. In 
this connexion the several notable papers on tissue 
cultures (by White, de Ropp, Hildebrandt and Riker) 
showed clearly the great value of this material for 
studies of nutrients; the relatively simple require- 
ments of plant tissue make this much more valuable 
than animal tissue cultures. Also in the closing session 
was & suggestive paper by Dr. Snell dealing with 
interactions between vitamins and antivitamins, 
involving phenomena of protection and inhibition 
which, while mainly observed with bacteria, may 
well apply, in a pexallel way, to higher plants. 

The above discussions served to bring out the 
question of whether the different phenomena of 
growth and morphogenesis in plants can be explained 
by action of the one hormone, auxin, acting in con- 
junction with different nutrients and enzyme systems. 
The alternative to this ‘unitary’ view involves a series 
of specific organ-forming substances, the distribution 
of which may perhaps be controlled by the auxin. 
The critical necessity of auxin itself in tissue cultures 
seems to point in the former direction, and if gradients 
of such materials as adenine and vitamins can con- 
dition the effectiveness of auxin the basis may be 
present for an understanding of form development in 
plants along these lines. 

In an interesting session on reproduction and 
flowering, Dr. Smith described attempts to repeat 
the results of Moewus on light-sensitivity of con- 
jugation in Chlamydomonas and the role of crocin 
derivatives therein. As yet no strain has been found 
which duplicates all the effects previously described. 
Dr. Roberts discussed briefly his isolation of a sub- 
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stance which at least influences flowering, it 
not control the process, and gave 
indications of its chemical nature. 
Many other thoughtful and valuable pa 

which the omission of a summary here is du: 
lack of space and by no means to lack of i: 
contributed to a most notable meeting. Visitors from 
Great Britain included Sir William Ogg, wh: spoke 
briefly at the opening session, and Prof. (. w 
Wardlaw. The unexpectedly large attendance (more 
than four hundred at each session) made discussion 
of the papers rather unsatisfactory and unfruitful, 
but to a large extent this was remedied by the 
housing arrangements, which facilitated informal 
discussions. The committees, under the chairn inship 
of Dr. Truog for the nutrition meeting and Dr 
Skoog for that on growth substances, certainly 
deserve congratulations. KENNETH V. THIMANN 
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QUEEN’S UNIVERSITY, BELFAST 


fp centenary of the official opening of a 
university in Belfast was celebrated during the 
week September 25-30 by a series of academic and 
social functions. On September 28, the new Chan- 
cellor, Field-Marshal Lord Alanbrooke, who was 
recently elected by Convocation in succession to the 
late Lord Londonderry, was also installed in office 
A large number of guests from other universities and 
learned bodies were present for the celebrations 
They were welcomed by the Senate and Academic 
Council at a reception in the Great Hall on Septem- 
ber 27, when addresses on the occasion were presented. 
Queen's University, for its part, conferred a number 
of honorary degrees on the following day, including 
the D.Sc. on Sir Edward Mellanby, Prof. M. L. E 
Oliphant, Sir Henry Tizard and Principal R. (. 
Wallace. A reception was held by the Government 
of Northern Ireland in the Parliament Buildings 
Stormont, on September 29, and parts of the Univer- 
sity were opened to the public. The ceremonies were 
the last at which the outgoing vice-chancellor, Sir 
David Keir, officiated, before leaving to take up his 
new duties as Master of Balliol College, Oxford. His 
suecessor, Prof. Eric Ashby (see Nature, October 22, 
p. 689), is expected to assume office in the autumn 
of 1950. Prof. F. Newark, secretary of the Academic 
Council and professor of jurisprudence, is acting as 
pro-vice-chancellor in the meantime. 

The Queen’s University of Belfast was originally one 
of the colleges in the Queen’s University of Ireland. 
Later it became part of the Royal University of Ire- 
land, which was purely an examining body ; and it 
was not until 1908 that the college attained its present 
independence as a result of Birrell’s Lrish Universities 
Act. The first president was the Rev. R. 8. Henry, 
and the first vice-president Thomas Andrews, who 
was also professor of chemistry. It grew rapidly, the 
ninety matriculated students of the opening session 
increasing to two hundred in 1859. It is noteworthy 
that, although the original curriculum made pro- 
vision for the teaching of science only as a part of 
more general degree courses, there was a separate, 
and so far as can be judged at this time, a very sound 
course provided in civil engineering. Engineering 
students had to attend lectures for two years, and to 
spend two years in approved outside work, at least 
one of the latter not being concurrent with a year of 
intra-mural instruction. 
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Further growth of Queen’s College, as it was called, 
and, in fact, a serious decline in student 
ymbers occurred temporarily when the Royal 
‘niversity was instituted. A medical block and 
gineering class-rooms were, however, built between 
360 and 1870. The credit for the bigger develop- 
nents which commenced about 1890, and which have 
ntinued almost uninterruptedly since, must un- 
uestionably go in the first instance to the Rev. 
Thomas Hamilton, who became president in 1889, 
nd succeeded in obtaining substantial financial 
support for the College from the people of Belfast 
ad Ulster as well as from the Government. As a 
esult of his efforts, several new laboratories were 
wilt and chairs endowed. Subsequent developments 
ave again been made possible by generous assistance 
oth from the public and from the Government of 
Vorthern Ireland. 

The University has a number of valuable extra- 
wral connexions. The one between the Faculty of 
fedicine and local hospitals has always been close. 
it was strengthened by the erection of an Institute 
f Pathology in the grounds of the Royal Victoria 
Hospital, Belfast, in 1933, and the link is being 
maintained in connexion with the new public health 
services. The Faculty of Agriculture is run in close 
llaboration with the Ministry of Agriculture, with 
much benefit to a province in which farming is still 
Since the First World War the 
been partner with the 
which has led to a 


yas slow , 


the main industry. 
ity of Belfast has 
University in an arrangement 
arge expansion in engineering. In this, the City’s 
of Technology has become a_ recognized 

lege of the University, and undertakes the greater 
part of the undergraduate instruction and post 
graduate work for all branches of engineering and 
applied science, except civil engineering, through the 

niversity’s Faculty of Applied Science and Tech- 

wlory. Civil engineering remains within the Univer- 
sity’s walls, in the Faculty of Science. This 

ollaboration with the City of Belfast is at present 
ilso affording much relief to the basic science depart- 
ments at the University, which have thereby been 
enabled to accept almost all local applicants for 
admission to faculties of which they are a part, and 
ilso not a few students from Great Britain and else- 
where. In addition to full-time day courses, the 
Faculty of Applied Science offers degree courses of 
the same standard for evening students, who must 
be engaged in day-time employment cognate to the 
branch of applied science which they wish to study. 
With Armagh Observatory, the University has a 
working arrangement for instruction in astronomy of 
students of arts and science, the Director of the 
Observatory and one of his assistants becoming part- 
time lecturers of the University for this purpose, and 
the Observatory being made available for under- 
graduate and postgraduate practical work. 

At present some two-thirds of the University’s 
student population of approaching three thousand are 
in the Faculties of Science, Applied Science, Agri- 
culture and Medicine. The problems presented by 
these numbers, which have approximately doubled 
in the last ten years, have, particularly in science, 
been accentuated by an even larger proportionate 
increase in students reading for honours and engaged 
in research. The department most severely affected 
is that of chemistry. It is planned to erect a new 
building of ample size for this department on a site 
which has been acquired at a distance of a quarter 
of a mile from the main University buildings. The 
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space so released will probably become available for 
physiology and civil engineering, the present neigh- 
bours of chemistry. Plans also exist for the con- 
struction of a new biological block on part of the 
ground that is at present occupied by temporary 
buildings at the south of the main site; this will 
give adequate accommodation for botany and 
zoology. As a first step, it is proposed to move the 
geological department from its present position there 
to a new building to be put up near the agriculture 
building in the nearby Elmwood site. It is also hoped 
shortly to extend the medical buildings at the Royal 
Victoria Hospital, and to transfer all the clinical 
teaching to these, to give relief to the pre-clinical 
departments which will remain housed in the present 
University buildings. Under the best of conditions it 
seems doubtful, however, if these moves can be 
completed in less than seven or eight years, and over 
that period little mitigation of the crowding which 
exists can be expected, short of an unlikely decrease 
in student numbers. The problem of housing 
adequately mathematics, physics, economics, law 
and many of the arts departments will still remain 
practically untouched. Thus Queen’s University 
opens its second century confronted by difficulties, 
common to most universities at the present time, 
which will challenge its vigour; there can be litt'e 
doubt that they will be met in the spirit which has 
brought the University to its present proud position. 


CHROMATOGRAPHIC ANALYSIS 


GENERAL discussion on “Chromatographic 

Analysis’’ was held by the Faraday Society at 
the University of Reading during September 22-24, 
with Sir John Lennard-Jones in the chair. The pro- 
gramme began with an introductory address by Prof. 
A. Tiselius, who gave a brief summary of the earlier 
work on chromatography and on the modern methods 
which are now used to separate inorganic and organic 
materials. He pointed out the value of the counter- 
current extraction method of Craig and discussed the 
advantages and disadvantages of frontal, elution and 
displacement analysis. He also commented on the 
important observation that silica becomes a specific 
adsorbent for methy! orange when it is co-precipitated 
with this indicator. A new specific method for the 
isolation of substances thus becomes available. 

The first section of the discussion, which dealt with 
physico-chemical principles and their utilization, was 
introduced by Prof. S. Claesson. The lack of funda- 
mental knowledge of the mechanism of chromato- 
graphy in a column of adsorbent is a great hindrance 
to improvements in column design, and if this com- 
plex mechanism could be elucidated, improvements 
in technique would be forthcoming. Prof. Claesson 
and many ofher contributors emphasized the diffi- 
culties encountered when repeating chromatographic 
experiments described by various authors. This is 
due to the lack of experimental! details and the 
difficulty encountered in standardizing materials. 
This does not hold in the case of alumina, however, 
which can be rigorously standardized. Separations 
utilizing partition chromatography are often effected 
on filter paper which is specially prepared for filtra- 
tion purposes; it would be advantageous to manu- 
facture the paper especially for partition chromato. 
graphy, for standardization would then be possible, 
Will the manufacturers do this? One of the major 
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difficulties encountered by the operator is the diffi- 
culty in interpreting the experimental observations 
on the theories advanced by the physical chemists. 
For example, the advancing front of a solute on a 
column of alumina is sometimes concave and some- 
times convex, whereas theory indicates it should be 
concave. Theories of chromatography and the 
mathematical interpretation of adsorption isotherms 
were then discussed in a very lively manner, many 
other members joining in this part of the discussion. 

Prof. L. Zechmeister gave a very interesting account 
of the separation of the many geometrical isomers 
of carotene by adsorption on alumina, thus demon- 
strating the extraordinary selective action of this 
type of column. This particular separation and the 
separation of elaidic and oleic acid have not, so far, 
been achieved bv partition chromatography. 4 nthra- 
quinone derivatives can also be separated by adsorp- 
tion on alumina. An interesting account of the ei ‘ect 
of deactivating alumina by addition of water was then 
given; the ef‘ect on band movement was also dis- 
cussed. The apt description of this adsorption tech- 
nique as chromatography was illustrated by the 
colour slides shown by Frof. L. Zechmeister and by A. 
Stewart. Colourless substances may also be separated 
on adsorbent columns ; in this case, the position of 
the adsorbed materials may be detected by the 
fluorescence (or lack of it), after the addition of small 
quantities of luminous paint or some fluorescent 
material to the adsorbent. Fluorescence has also 
been used to follow the separation by partition 
chromatography of inorganic ions, sugars, amino-acids, 
purines and pyrimidines and many other substances, 

The meeting continued with a discussion on the 
theory of the use of ion exchange resins, J. A. 
Kitchener stressing the importance of giving the exact 
details of experiments, including the units used, 
described in the experimental procedure. Prof. 
Zechmeister strongly supported this plea; but men- 
tioned that, owing to editorial difficulties, it is often 
impossible to obtain publication of these experimental 
details. 

The use of displacement chromatography for the 
separation of fats, essential oils, etc., was advocated 
by A. A. Levi, who suggested that the scale of the 
experiment need be little larger than that used in 
paper partition chromatography. He expressed the 
view that displacement development would not be 
so suitable as a preparative method. Various methods 
were suggested for extending the scope of partition 
chromatography ; for example, nitromethane can 
be used as the stationary phase on silica, with 
methanol as the mobile phase, or, alternatively, a 
buffered solution can be used as the stationary 
phase. in this latter method, the adsorption isotherms 
are usually curved, with a donsequent overlapping of 
the bands of solute. 

Reference was made to the possibility of using a 
column of sand as a support of the aqueous phase, 
which is then displaced by eluting with an organic 
solvent. If carborundum is substituted for sand, then 
a non-polar solvent such as benzene may be used as 
the stationary phase and an aqueous solvent as the 
mobile phase. Kieselguhr, if treated with dichloro- 
dimethyl-silane, also becomes water-repellent and 
may then be used in place of carborundum ; alumina 
treated with stearic acid may be used in a similar 
manner. A method was described for the quantitative 
separation of the fatty acids (2-10 mgm.) (C,—( 4,4) 
on rubber powder, with individual recoveries of 95— 
102 per cent. This is a notable advance, as the long- 
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chain fatty acids are exceedingly difficult to separate 
in the pure state. These methods dif‘er mewhat 
from the usual method of partition chromat graphy 
in that the phases are reversed, that is, th: 
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qu 
phase is mobile and the less polar solvent the oo 
tionary phase. 

Very important advances in techniqu during 
recent years have been achieved by the ap) lication 
of paper partition chromatography to the s-) ration 
of intimate mixtures. With its aid many blems 
in analytical chemistry have been solved or ¢op. 
siderably simplified. It was fitting, therefore, that 
A. H. Gordon, one of the originators of this te nique, 
should at this stage discuss critically the quart itatiye 
separation of substances on filter paper by purtition 
chromatography. The choice of solvents usec for the 
analysis will obviously depend upon the partition 
coefficients of the materials to be resolved ; if a satis. 
factory separation is to be achieved, their coeflicients 
must differ by at least ten per cent. If a suitable 


solvent is not available, the two-dimensional te: hnique 
may be employed, or the addition of a second, third 
or even fourth component may alter the properties 
of the system in the required manner. Reference was 
made to the work of J. Boldingh, who utilized rubber. 
impregnated paper and used benzene as the sta 
tionary phase and methanol-acetone as the mobile 
phase, thus reversing the usual procedure. 

The separation of acidic or basic materials is not 
so simple as the separation of neutral non-ionic 
materials. The ionic materials tend to form elongated 
spots or tails instead of round spots. This dis. 
advantage can often be overcome by adjusting the 
pH of the aqueous phase, thus suppressing the 
ionization of the solute. Few substances are strongly 
adsorbed by untreated filter paper, and, as a result, 
the separation of materials by partition chromaic- 
graphy on this support is little influenced by adsorp 
tion. Exeeptions are encountered. however—for 
example, the dyestuffs can be resolved on filter paper— 
but in this case adsorption is the major factor re- 
sponsible for separation. Finally, A. H. Gordon dealt 
with the reactivity of the solvents and of the paper 
with the substances which are to be separated. Caution 
must be observed in the use of solvents containing 
mineral acids for the separation of amino-acids, since 
they may in part become esterified and low recoveries 
are then obtained. Similarly, the reducing sugars may 
be converted into the faster-moving glycosides with 
a subsequent loss in sugar. Impurities in the paper 
may also account for discrepancies encountered in 
analysis: for example, copper causes loss of amino- 
acids. 

Prof. R. M. Barrer described the use of zeolitic 
materials for the separation of the simple aliphatic 
hydrocarbons and their derivatives. He was followed 
by D. E. Weiss, who discussed the properties of 
activated carbon adsorbents and described their use 
in a continuous fractional adsorption technique now 
in the process of development. This method utilizes 
the carbon as a floating adsorbent in a column and in 
continuous contact with a descending liquid stream 
containing the substances to be fractionated. IJ*s 
perfection may lead to the large-scale separatic:: of 
materials by continuous chromatography. The pro- 
ceedings at this stage were summarized by R. L. M. 
Synge. 

The second part of the discussion dealt with the 
application of chromatography to the separation and 
determination of inorganic and organic materials. 
Chromatography offers an alternative to the usual 
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method of inorganic group analysis, and separations 

f the metals by adsorption and partition-type 

-hromatography were described by several authors. 
The mechanism of inorganic chromatography on 
alumina was discussed by L. Sacconi, who concluded 
that this adsorption is due mainly to the preferential 
adsorption by alumina of aquo-ions. Filter paper 
impregnated with alumina has also been used to 
separate the metals; but the method does not seem 
to be so efficient as paper partition chromatography. 
Using the latter technique, metals have been separ- 
ated on columns of cellulose and sheets of filter paper 
in the usual manner, vsing one- and two-dimensional 
-hromatography. Perhaps the most remarkable 
example of the use of synthetic resins for the separa- 
tion of the metals was the communication of F. H. 
Spedding on the separation of the rare-earth salts. 
This separation was necessitated because of the 
formation of the rare earths as fission fragments of 
the heavy elements. The separation is achieved by 
adsorption followed by elution from columns of 
resinous ion exchange material, such as ‘Amberlite 
[R100’; thus, elements hitherto requiring some 
twenty thousand operations for their preparation in 
the pure state and in relatively small yields become 
readily available in comparatively large amounts. 
\ massive ingot of lanthanum and ingots of several 
ther rare-earth metals were exhibited. The de- 
scription of this remarkable achievement in inorganic 
chemistry concluded the papers on this aspect of 
‘hromatography. Various papers on the separation 
if organic materials formed the final part of the 
jiscussion. 

The chromatographic separations of organic gases, 
liquids and solids were discussed in detail. The word 
‘chromatographic’ is perhaps a misnomer in the 
majority of these separations, since the substances 
separated were identified by fluorescence, refractive 
ndex, optical rotation, colour reaction, or by some 
physical constant ; rarely were the compounds them- 
selves coloured. The majority of the separations were 
effected by partition chromatography, a few by 
adsorption, usually on alumina, and only one separa- 
tion utilized adsorption on ion exchange columns. 
This was the large-scale separation of amino-acids 
from protein hydrolysates, which in a few cases lead 
to the isolation of pure amino-acids. A very inter- 
esting account of the separation and isolation of 
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vitamin 3,4, was given, which involved adsorption 
anc pa tition chromatography on a variety of 
materials, cud ¢ cved to illustrate the importance of 


these new technicnes in the field of biochemistry. 
Papers wers given on the separation and determina- 
tion of blac oils (fuel oils), petroleum, hydrocarbons, 
vapours and gases, carboxylic acids, stercids, proteins 
and carbohydrutes. The separation of the amino-acids 
attracted the most attention. The conditions necessary 
for the quantitative separation of these substances 
have nee yet been completely determined, since 
losses occur as the amino-acids travel down the 
p.per. It is of interest to note, however, that these 
losses are negligible in the separation of the carbo- 
hydrates, and their determination is thus simplified. 

\t the conclusion of these pleasantly informal 
discussions, @ summary was made by A. J. P. Martin, 
who suggested many ingenious applications of 
chromatography. Many other interesting observa- 
tions and remarks were made, but the exigencies of 
space prevent their publication. The papers pre- 
sented at the discussion are to be published in full 
hy the Faraday Society. 
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GEOPHYSICAL SURVEYS AND 
THEIR UTILIZATION 


T the Newcastle meeting of the British Asso- 

ciation, a discussion on geophysics was held by 
Section A (Mathematics and Physics), under the 
chairmanship of Sir Harold Spencer Jones. Mr. B. C. 
Browne opened the discussion with an account of 
gravity survey in the British Isles. The acceleration 
due to gravity is almost the same at all points on 
the surface of the earth, but accurate measurements 
show that the value at the equator is about a half 
per cent less than at the poles. The normal value 
at any particular latitude is usually assumed to be 
that given by the international gravity formula. 
In the British Isles, the mean variation is approx- 
imately 1-3 milligals (1-3 x 10-* cm./sec.*) per mile. 
Superimposed on this are local variations arising 
from changes in height and the attraction of topo- 
graphic features such as mountains and seas. After 
allowing for the effect of elevation and topography, 
the difference between the observed value of gravity 
and the value given by the international gravity 
formula is known as the Bouguer anomaly. This 
represents the attraction of the anomalous masses 
present within the earth. 

The Bouguer anomalies are often of great assistance 
in the interpretation of geological structure, and 
gravimeter surveys are therefore frequently made 
when prospecting. During and since the Second 
World War, the Anglo-American and the Anglo- 
Iranian Oil Companies have made several thousands 
of gravimeter measurements in England. These have 
been supplemented by additional observations made 
by the Department of Geodesy and Geophysics at 
the University of Cambridge, and the Geological 
Survey and the Imperial College of Science and 
Technology, London, are also taking up this work. 

Thanks to the generosity of the oil companies in 
making their results available, it is now possible to 
obtain a fairly accurate picture of the trend of the 
Bouguer anomalies over most of the Midlands and 
southern England. In general, the agreement with 
the known geology is good. Positive anomalies occur 
in the west over the outcrops of the older Palzozoic 
rocks, while to the south-east they become more 
negative as the thickness of the Mesozoic cover 
increases. The Cheshire basin, where several thousands 
of feet of Trias occur, is associated with a gravity 
trough some 15 milligals deep. The Hampshire basin 
also shows up well, and an even more striking area 
of negative anomalies is found east of the Malvern 
Hills. The structure here is not yet known, but it is 
likely that many thousands of feet of carboniferous 
rocks may underlie this region. In other areas, 
however, results are anomalous. In Dartmoor and 
parts of Cornwall, unexpectedly low gravity values 
are found over igneous intrusions. A careful investi- 
gation of the gravity field and the distribution of 
rock densities would be of great interest and would 
probably throw much light on the geological structure 
of this complex region. 

Besides the investigation of special areas, gravity 
measurements are of importance for more general 
geophysical studies and for geodetic calculations. It 
is therefore most desirable that results should be 
made generally available and the surveys extended 
to cover the whole country. The geodesy sub- 
committee of the National Committee for Geodesy and 
Geophysics has appointed a special sub-committee to 
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consider this matter. Large areas, particularly in 
Scotland, Wales, northern and western England, still 
remain to be surveyed. This might very appro- 
priately be done by university research departments, 
for not only would the results be of local geological 
interest, but also the work provides good training for 
students intending to take up geophysics as a career. 
Such a scheme would enable a general survey of the 
British Isles to be completed comparatively quickly. 
The results would be of great scientific value and 
might well lead to discoveries of considerable 
economic importance. 

The next speaker, Mr. L. H. Tarrant, described 
recent geophysical surveys for oil in southern Eng- 
land. Since 1945, the Anglo-Iranian Oil Co. has 
carried out magnetic and gravity surveys over some 
6,000 square miles between Birmingham, Bath, 
Hertford and Dover. Paleozoic outcrops of the 
Mendip, Malvern and Lickey Hills show up as 
positive ridges, while the coalfield basins of Somerset 
and east Kent appear as gravity ‘lows’. There is a 
regional trend over the whole area, but when this is 
removed, the general directions of the linear gravity 
features can clearly be seen. These change from an 
east-west direction in the south and east to north- 
south in the west. The more positive features may 
well be associated with anticline structures in the 
Palzozoic which might prove to be oil traps if Upper 
Carboniferous measures were present. 

The whole area is covered with Mesozoic sediments, 
and the effect of these must be removed before 
attempting to interpret the structure of the Palzozoic 
basement. As a first step, the variation of anomaly 


with thickness of Mesozoic cover is obtained from 
bore-hole data in those regions where the Upper 


Carboniferous is absent. This shows that, on the 
average, 100 ft. of cover reduces the anomaly by 
0-36 milligal, while other factors such as variations 
in the basement produce a standard deviation of 
+ 3-8 milligals. The accuracy can be improved by 
dividing the Mesozoic strata into two groups, 
separated by the base of the Wealden. For the upper 
group, a reduction of 0-60 milligal/100 ft. is found, 
while for the lower strata the corresponding figure is 
0-31 milligal/100 ft. These values do not agree with 
those calculated from the observed differences in 
density. These are 0-88 and 0-50 milligal/100 ft., 
respectively, corresponding to density deficiencies 
of 0-7 and 0-4 gm./cm.*. Some form of isostatic 
compensation is suggested as a possible explan- 
ation. 

Having allowed for the effect of the Mesozoic cover, 
the form of the anomaly contours is considerably 
altered. The negative region to the south is replaced 
by some quite high areas, particularly near Kingsclere 
and Guildford. The trough between Worcester and 
Swindon persists, though it is less deep, and a marked 
basin appears between Oxford and Reading. To 
interpret these, the results of the survey of the Kent 
coalfield can be used. Here, allowing for the regional 
fall in gravity to the east-south-east, it is found that 
500 ft. of Upper Carboniferous measures reduces the 
anomaly by | milligal. The probability of finding at 
least 1,000 feet of Upper Carboniferous can now be 
assessed. Where the residual anomaly is — 2-0 milli- 
gals, the chances are even. Since the standard 
deviation is + 3-8 milligals, the odds are 10 to 1 on 
where the anomaly is — 8-0 milligals. Some 25 per 
cent of the area surveyed falls into this category, 
indicating considerable thickness of Upper Carbon- 
iferous. The potentialities of these regions both for 
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coal and oil production are undoubtedly wor), 
further investigation. 

The final speaker, Prof. J. Satterly, spoke op 
geophysical research in Canada. The great minera) 
resources of that country provide abundant Scope 
for geophysical prospecting, and at present there js 
a great demand for young geophysicists. ravyity 
observations have been made for more than fifty 
years by the Dominion Observatory at Ottawa, and 
recently a transcontinental traverse has been carried 
out with a gravimeter from Halifax to Vancouver. 
There are also several independent surveys of specia] 
areas, particularly in Alberta, where considerable oij. 
fields have been found. 

In Canada, the areas to be explored are so vast 
that special methods have to be employed. Airborne 
magnetometers have been used extensively, and 
aerial photography is playing an increasingly im. 
portant part in both topographical and geologica] 
survey. Radioactive methods are being applied to 
number of problems, especially for locating deposits 
of uranium. Much of the country consists of Pre. 
Cambrian rocks, where the absence of fossils makes 
radioactive age determinations of special importance, 
A new mass spectrograph is being set up in Toronto 
for this work, and problems of heat flow in the earth 
are also receiving considerable attention. Seismology 
is actively pursued, and recently the small earth. 
quakes or ‘rockbursts’ caused by mining operations 
have been used to establish accurate time—distance 
curves at ranges up to several hundreds of kilometres. 

At present, there is keen interest in polar research, 
which is not unrelated to the fact that the Arctic 
lies directly between the United States and the 
U.S.S.R. A chain of fifty radar stations has been set 
up across the north of Canada, and expeditions to 
the far north have obtained much valuable inform. 
ation concerning conditions both on land and in the 
air. Magnetic measurements show that the north 
magnetic pole wanders about in an erratic manner, 
which fits in well with Bullard’s theory of secular 
variations. Recently, these ideas have been greatly 
extended to explain the origin of the main field of 
the earth as due to the dynamo action of convection 
currents in the core of the earth. Canada has an 
up-to-date meteorological service, and oceanography 
is studied on both the Atlantic and Pacific coasts. In 
fact, there is scarcely a branch of geophysics which 
is not being actively investigated. The potential 
resources of Canada are enormous, and there are 
great possibilities both for research and development. 

B. C. Browxe 


OBITUARY 
Prof. O. F. Curtis 


‘'HROUGH the sudden and unexpected death on 
July 4, 1949, of Prof. Otis Freeman Curtis, the 
subject of botany and plant physiology has suffered 
the loss of one of its most earnest and devoted 
scholars. His loss will be keenly felt in the United 
States where, at Cornell University and in the 
botanical and horticultural community at large, 
Dr. Curtis had long held a prominent and respected 
position. Plant physiologists everywhere will regret 
Dr. Curtis’s sudden passing while still at the height 
of his powers and when it might have been ex- 
pected that he would have had many years of active 
work ahead. 
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Dr. Curtis died while on a brief vacation at 
fhatham on Cape Cod, Massachusetts. He is survived 
by his wife, two sons and a daughter, six grand- 
children, and two sisters. The elder son, Dr. Otis 
Freeman Curtis, jun., followed his father into the 
feld of plant physiology and is now on the staff of 
the New York Experiment Station, Geneva, N.Y., as 
an assistant professor of pomology. The younger 
son, Dr. Edgar Curtis, is an assistant professor of 
nology in St. Lawrence University, Canton, New 
York. 

The name of Dr. Curtis will be most immediately 
associated with the subject of translocation of solutes 
in plants, and this subject gave him prominence in a 
feld which has attracted the attention of many 
British investigators from the time of Stephen Hales, 
but notably of Prof. H. H. Dixon, and Dr. T. G. Mason 
and Dr. KE. J. Maskell, during the period of Prof. 
(Curtis’s active interest in the subject. Many British 
botanists will also recall that Prof. Curtis and his 
family spent the year 1926-27 in the University of 
Leeds under an arrangement by which he and Dr. 
W. H. Pearsall served as exchange professors from 
their respective institutions. During this year, Dr. 
Curtis participated fully and with zest in the academic 
life of the University and the Botany Department, 
taking, as he always did, the keenest interest in the 
work of undergraduates and stimulating them to 
further inquiry rather by intimate, analytical and 
critical discussions than solely through the medium 
of the more formal university lectures. In this, 
Curtis excelled, and for many who came under his 
influence both in England and through many years 
at Cornell, he will be best remembered for his patient, 
searching, critical, penetrating analyses of the basic 
principles of plant physiology. He loved to do this 
with a knot of students around him, often arousing 
their interest and argumentative discussion by a 
challenging exposure of a fallacy or by the dis- 
criminating weighing of the evidence to support any 
given hypothesis. 

Dr. Curtis was born in Sendai, Japan, on February 
12, 1888, where his father, a minister of the Con- 
gregational Church, was active in missionary work. 
He left Japan at the age of seven and received his 
education in various parts of the United States, finally 
entering Oberlin College in 1907 and receiving 
from Oberlin the A.B. degree in 1911. He entered 
Cornell in 1912 to read for his degree in what was 
then the Department of Plant Physiology and which 
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in 1913 became a part of the newly created Depart- 
ment of Botany in the College of Agriculture at 
Cornell. He obtained the Ph.D. degree from Cornell 
in 1916. 

In 1913, while still a graduate student, Curtis 
became an instructor in plant physiology. He con- 
tinued in this position until July 1917 when he was 
made assistant professor, becoming professor of 
botany in 1922, a position which he held until his 
death. Thirty-six years of his life were thus devoted 
to the service of science at Cornell. 

At Cornell, teaching occupied a large share of 
Curtis’s time. Nevertheless, he published about thirty 
papers dealing chiefly with vegetative reproduction, 
translocation, temperature and water relations of 
plants. His work and monograph on translocation 
redirected research into this important field of work. 
He pioneered also in emphasizing the importance of 
re-radiation from the leaf and the relative unimport- 
ance of transpiration, in comparison with other 
factors, in controlling the temperature of plants. In 
this research, his constant practice was to challenge 
accepted concepts and re-interpret resu!ts in the light 
of new evidence. 

While his contributions to the advancement of 
knowledge in plant physiology were numerous and 
important, it is probable that his greater contri- 
butions were in teaching and the stimulation he 
gave to a large group of men who came under his 
influence, even though their major field of work was 
in some other branch of plant science. Alternating for 
many years with Dr. Lewis Knudson in giving an 
advanced course in plant physiology which ran 
throughout the year, he influenced in any one year 
between thirty and sixty graduate students who 
were preparing themselves for advanced degrees in 
the plant sciences and in soil technology. Many of 
these men, now scattered throughout the United 
States, and indeed throughout the world, hold 
responsible positions in the field of science and recall! 
with pride their association with Dr. Curtis. At the 
time of his death he had completed a text-book on 
plant physiology which will be published with Prof. 
D. G. Clark as junior author. 

In addition to serving on important committees 
of the Agricultural College and of the University, 
Dr. Curtis was particularly interested in the Graduate 
School. He also held offices at various times in his 
career in the American Society of Plant Physiologists 
and in the Botanical Society of America. ; 





NEWS and VIEWS 


J. Lawrence Smith Medal for Research on Meteors: 
Dr. F. L. Whipple 


THE National Academy of Sciences of the United 
States has awarded the J. Lawrence Smith Medal to 
Dr. Fred Lawrence Whipple, chairman of the Depart- 
ment of Astronomy, Harvard Observatory. Dr. 
L. H. Adams, director of the Geophysical Laboratory 
of the Carnegie Institution of Washington, in making 
the presentation address, said that the J. Lawrence 
Smith Fund was established in 1884 for the purpose 
of encouraging research on meteors by making 
appropriate grants from time to time and, upon 
occasion, by awarding a Gold Medal to any person 
in the United States who, in the opinion of the 
Academy, makes an original investigation of out- 


standing merit on meteoric bodies. In the past the 
Medal has been awarded three times, namely, in 
1888 to H. A. Newton for his investigations of the 
origin of meteors; in 1922 to ‘3. P. Merrill for his 
contributions on the character of meteorites ; and in 
1945 to Stuart H. Perry in recognition of his work 
on the metallography of meteoric iron. 

Dr. Whipple has been on the staff of Harvard 
Observatory since 1931 and is president of the Inter- 
national Commission on Meteors of the International 
Astronomical Union. His work on meteors began in 
1936 at Harvard when he developed the double- 
station photography of meteor trails which led to his 
success in obtaining precise velocities and deceleration 
of meteors. The award has been made to Dr. Whipple 
in recognition of his acknowledged leadership in the 
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field of motions and nature of meteoric particles in 
the earth’s atmospheres, and especially for his 
derivation of the variations of air temperature with 
altitude based on his studies of meteors and for his 
investigation of other phenomena of the upper 
atmosphere, the results of which correspond closely to 
the values obtained up to heights of 65 km. by V2 
rockets. Dr. Whipple has calculated the orbits of 
several important meteor streams, and is well known 
for his work on the Taurid meteors and for his 
analysis of velocities and orbits which led to the 
identification of the Taurid stream with Encke’s 
Comet. He has put forward a new comet model 
which has for one of its results the association of 
comets and meteor streams physically as well as 
genetically. 


Technical Chemistry in Glasgow : 
Prof. W. M. Cumming, O.B.E. 


Pror. W. M. Cummrnc resigned from the chair of 
technical chemistry in the Royal Technical College, 
Glasgow, in August last, to take up the post of 
technical director of the British Dyewood Co., Ltd. 
Dr. Cumming graduated in chemistry at the Univer- 
sity of Glasgow in 1914, and entered the employment 
of the British Dyestuffs Corporation, where he was 
engaged in the manufacture of explosives during the 
First World War and later on dye intermediates. He 
returned to Glasgow as lecturer in organic chemistry 
at the Royal Technical College in 1920, and pro- 
ceeded to the degree of D.Sc. of the University of 
Glasgow in 1924. In 1934, following on the death of 
Prof. Thos. Gray, Dr. Cumming was elected to the 
Young memorial chair of technical chemistry. He 
developed rapidly the chemical engineering aspects 
of the Department and, under his control, a large 
amount of chemical plant equipment was installed. 
When war broke out in 1939, he collaborated with 
the Ministry of Supply in developing the South West 
Seotland Branch of the Research Department which 
functioned under his control until 1946. He was also 
senior gas advisor for Scotland under the Ministry 
of Home Security, and acted in this capacity until 
the general stand-down of Home Defence in 1945. 
For these war-time services he was awarded the 
O.B.E. in 1946. On the death of Prof. Wilson, he 
was elected director of the School of Chemistry of 
the Royal Technical College. Prof. Cumming has 
been active in the affairs of the Scottish Council on 
Industry and Development, and chairman of several 
committees. He was also concerned with the estab- 
lishment of the Engineering Centre in Glasgow. He 
has been a member of the Council of the Royal 
Institute of Chemistry, and of the Institution of 
Chemical Engineers, and is chairman of the Glasgow 
Section of the Society of Chemicai Industry. 


Dr. P. D. Ritchie 


Dr. P. D. Rrrenre, of the Birmingham Central 
Technical College, has been appointed to succeed 
Prof. W. M. Cumming in the Young chair of 
technical chemistry, and he takes up his duties in 
January. Recently, Dr. Ritchie has been especially 
interested in plastics and is the author of ““‘Chemistry 
of Plastics and High Polymers”; nevertheless, his 
experience has been very varied. His thesis for the 
Ph.D. degree at the University of St. Andrews in 
1932 was based on stereochemical problems in his 
work with Prof. Alex. McKenzie. During two years 
with the Explosives Group of the I.C.I., he studied 
the pyrolytic synthesis of ethenoid monomers. As 
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head of the Scientific Department of the ( ourtauld 
Institute of Art, he worked on the constitution of 
ancient glass and ceramics ; and as chief and advisory 
chemist to A. Reyrolle and Co., of Hebburn-on-Tyng 
he secured patents on gaseous and high-polymer 
insulating media. After two years as head of the 
Chemistry Department of Leeds College of Tech. 
nology, he was appointed head of the Chemistry 
Department of the Birmingham Central Technica) 
College as successor to Dr. J. A. Newton Friend. In 
Birmingham he has rendered valuable service in the 
development of the Plastics Laboratories, and in the 
scheme for merging the fuel, plastics and other 
technological subjects for the formation of a Depart. 
ment of Chemical Engineering. He strongly advocated 
the appointment of research assistants, and this has 
recently been adopted. During his term of oftice g 
strengthening of the bond between industry and the 
Chemistry Department of the Birmingham (entra! 
Technical College has been very evident. 


Institution of Mining Engineers: Mr. A. M. Bryan 


THE Council of the Institution of Mining Engineers 
has elected Mr. A. M. Bryan as president for the 
year 1950—51, in succession to Prof. J. A. 8S. Ritson. 
The president-elect will take office at the annual 
general meeting of the Institution, which is to be held 
in London on February 2, 1950. Mr. Bryan obtained 
his early practical mining training and experience in 
the Lanarkshire Coalfield, Scotland. He received his 
academic training in the University of Glasgow, 
where he obtained the degree of B.Sc. (Mining), with 
special distinction. In 1920 he was appointed a 
government junior inspector of mines in the Northern 
Division and was promoted to the rank of senior 
inspector in 1926. In 1932 he became professor of 
mining in the University and the Royal Technical 
College, Glasgow. In 1939, Mr. Bryan returned to 
Government service, to assist the war effort, as 
deputy-director of mining supplies, a post which he 
relinquished in 1940 to join the Shotts Iron Co. as 
general manager. Two years later he became man. 
aging director of the Company. During the War he 
was chairman of the Coal Industry Joint Fuel 
Efficiency Committee. He was also a group pro- 
duction director, under the Ministry of Fuel and 
Power (Scottish Region), during 1944-45. In April 
1947 he was appointed chief inspector of mines. Mr. 
Bryan has taken a keen interest not only in the 
science and practice of mining, but also in matters 
relating to the education, training, health and safety 
of persons employed in coal mines, and has made 
numerous contributions to the literature on these 
subjects. 


British Association: Birmingham Meeting 


NExt year the British Association for the Advance- 
ment of Science will meet in Birmingham (August 
30-September 6). The Council has completed 
appointments to the various offices in the Association. 
These include: President, Sir Harold Hartley; 
General Treasurer, Mr. M. G. Bennett; General 
Secretaries, Dr. Edward Hindle and Sir Richard 
Southwell; Presidents of Sections, Prof. E. H. 
Neville (Physics and Mathematics), Prof. E. L. Hirst 
(Chemistry), Dr. W. Campbell Smith (Geology), Dr. 
V. B. Wigglesworth (Zoology), Prof. S. W. Woold- 
ridge (Geography), Prof. G. C. Allen (Economics), 
Prof. Andrew Robertson (Engineering), Dr. R. N. 
Salaman (Anthropology and Archwology), Prof. R. J. 
Brocklehurst (Physiology), Dr. J. C. Flugel (Psycho- 
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logy), Dr. W. B. Turrill (Botany), Mr. W. F. Okeshott 
(Education), Prof. H. D. Kay (Agriculture). The 
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ae Lord Mayor of Birmingham is the local patron, and 
polymer Sir Kaymond I riestley, vice-chancellor of the 1 niver- 
1 Of the sity of Birmingham, is chairman of the Local Execu- 
f Tech. tive Committee. The Lord Mayor of Birmingham has 
mistey issued an appeal for a local fund of £6,000, and more 
hnical than two hundred local volunteers are already making 
Be preparations for what is expected to be one of the 
os largest meetings in the history of the British Asso- 
| in the ciation. The meeting will be the sixth to be held in 
. Birmingham. 
ther 
Depart. Jj Tribute to Prof. A. Einstein 
¢} > In the July issue of the Review of Modern Physics 
ee published September 19), thirty-eight articles 
and the written specially by well-known physicists from 
Central many different countries have been collected together 
by Dr. A. Pais in commemoration of the seventieth 
birthday of Prof. Albert Einstein, which occurred on 
» Bryan March 14. A recent photograph of Prof. Einstein, 
eineen showing him sitting at his desk, forms the frontis- 
for the piece, and in the first four articles, the authors of 
Riteca which are Profs. R. A. Millikan, L. de Broglie (in 
A French), M. von Laue (in German) and Philipp 
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Franck, an appreciation and brief description of 










































» hald 
oe Einstein’s remarkable contributions to physics and 
nce in philosophy are given. It is left to these four to 
ved his convey to Prof. Einstein, for the entire group of 
aasow authors contributing to the issue, the messxges of 
). with debt and gratitude which each individually would 
ated a have liked to express. The theory of relativity, 
rthern relativistic dynamics, and cosmological applications 
senior f relativity are the subjects dealt with in many of 
sor af the articles; but others are concerned with quite 
hnical inrelated topics such as turbulence, thermodynamical 
ned to equilibrium and the transfer-rate of the Rollin—Simon 
* o film of liquid helium. From Great Britain there are 
ich he ontributions by Max Born and P. A. M. Dirac ; 
Me. on Canada by L. Infeld and A. Schild ; India by H. J. 
ao Bhabha ; Belgium by G. Lemaitre; Holland by 
Tar he A. D. Fokker, J. A. Schouten and W. J. de Haas and 
Fuel G. J. van der Berg ; Sweden by O. Klein; Switzer- 
) pro. land by W. Pauli and F. Villars ; Israel by G. Racah ; 
1 and Mexico by M. 8S. Vallarta ; and Japan by H. Yukawa. 
Aveil The other contributions are from the United States 
Mr. and include articles by G. Gamow, the late R. C. 
m the Tolman, H. P. Robertson, E. P. Wigner, R. Laden- 
ahtens berg, T. von Kérmén and O. Stern. 
moe Oceanography in Germany 
ade 
peas REFERENCE was made in Nature of September 4, 
1948 (p. 364) to the first issue of the German hydro- 
graphic journal, Deutsche Hydrographische Ze itschrift. 
It has now concluded its first volume with the issue 
seen. of Nos. 5/6 which, among many papers, contains four 
aust on purely oceanographical subjects. W. Hansen 
leted gives a fundamental essay on computing tides in 
ton ocean areas of any shape by means of the method of 
May - boundary values, of which the validity is demon- 
anal strated for the English Channel. K. Kalle describes 
hard a handy method of measuring surface currents at sea 
H. by producing and following a coloured patch. F. 
lirst Model compares five hundred reliable observations of 
Dr. surface temperature from almost all Atlantic regions 
ort with the average values, and discusses the possibility 
rend of a change in climate or of a systematic defect in 
N. the earlier method of observing being the cause of 
2 J systematic discrepancies. O. Pratje, in a geological 
aie paper, discusses the variation in sediment type over 





very limited areas. Of the papers not specifically 
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concerned with oceanography, F. Errulat contributes 
a chart of the magnetic declination at mid-1945 for 
the German Bight and the southern Baltic. In a 
comprehensive article, H. C. Freiesleben discusses 
position lines (based on terrestrial and wireless 
bearings as well as on star observations) from a 
uniform point of view. E. Romer reviews the first 
seventy years of “German Sailing Directions’, and 
two papers by A. Schluter and J. Nauen deal, 
theoretically and practically, with the problem of 
adjusting magnetic compasses and ascertaining their 
deviation in case of low visibility. Moreover, there 
is a report on the geomagnetic records at Wingst 
Observatory in 1942 by O. Meyer and a review of 
S. Chapman’s isomagnetic charts by H. G. Macht. 
The succeeding issue (Vol. 2, Nos. 1/3) will contain 
several papers read before a geophysical and meteor- 
ological meeting held in Hamburg in September 1948. 


Royal Commission on Awards to Inventors 

THE Treasury, with the concurrence of the Royal 
Commission on Awards to Inventors, has issued a 
notice fixing December 31, 1949, as the final date for 
the lodging of claims with the Departments. The 
Royal Commission on Awards to Inventors under the 
chairmanship of Lord Justice Cohen was set up by 
Royal Warrant in May 1946 to assess the awards to 
be paid for the use by, or on behalf of, the Crown of 
inventions, designs, drawings or processes, particu- 
larly in connexion with the Second World War. 
Both the Commission and the Treasury feel that it 
would be inappropriate for the work of the Com- 
mission to be unduly protracted. As more than four 
years have elapsed since the conclusion of hostilities, 
the Commission considered that no hardship would 
be inflicted on inventors if a time limit for the 
lodgement of claims with the Government Depart- 
ments were imposed. The expiry of the time limit 
will in no way deprive a claimant of his right to 
present a claim in the High Court if his invention is 
covered by a patent or registered design. 


Birmingham Lectures for Research Workers in 


Industry 

THe University of Birmingham Extra Mural 
Department, in co-operation with the Departments 
of Metallurgy and Chemistry, is providing a course 
of lectures in the new year for research workers in 
industry. This series of twenty-four lectures, the 
most ambitious which the University has so far 
provided extra-murally, commences on January 14, 
1950, at the University, Edmund Street. The course 
was originally conceived by members of the Institute 
of Physics and the Institute of Metals, and was 
planned in response to a request made by them to 
the Extra Mural Department. The course has the 
general title “Modern Views of the Solid State”. An 
introductory section on the general theoretical back- 
ground of wave mechanics (F. R. N. Nabarro) leads 
on to specialized courses dealing with non-metallic 
solids (J. E. B. Randles) and with metals and alloys 
(B. A. Bilby). Further details can be obtained from 
the Director of the Extra Mural Department, Univer- 
sity, Edmund Street, Birmingham 3. 


Proceedings of the Physical Society : Sections A and B 


OnE of the main reasons for dividing the Pro- 
ceedings of the Physical Society into two sections A 
and B was to give the advantage of an increased 
volume of publication without burdening the Fellows 
with a further compulsory increase in subscription ; 
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this would have been inevitable had an enlarged 
Proceedings been distributed to all the Fellows. In the 
light of experience gained over the course of the past 
year, it has been found that the division which best 
meets the needs of Fellows is one which brings 
papers on microphysics and the physics of elementary 
particles into Section A, and papers on macroscopic 
physics into Section B. Cases arise where the division 
is bound to be somewhat arbitrary. While it is 
essential to maintain a certain amount of flexibility 
in the allocation of papers, a paper will, so far as 
possible, be put in the section where the main interest 
of the readers lies ; for example, a paper on counter- 
technique would appear in B if the circuitry is the 
main interest, but would be in A if the applications 
to actual counting are of major importance. Details 
are available from the offices of the Physical Society, 
1 Lowther Gardens, Prince Consort Road, London, 
S.W.7. 


University of Glasgow 


THE following announcements have recently been 
made from the University of Glasgow. Prof. W. J. 
Duncan has been elected to the newly founded 
Mechan chair of aeronautics and fluid mechanics. 
Lecturers have been appointed as follows: A. C. 
Crundwell (botany), R. Giles (natural philosophy), 
A. R. Hill (agricultural zoology), S. Mitchell (chem- 
istry—to a senior lectureship), B. F. X. Touschek 
(natural philosophy). Dr. Robert Wright has retired 
after being senior lecturer in physical chemistry for 
thirty years. He graduated at the Royal University 
of Ireland (Queen’s College, Belfast), and held an 1851 
Exhibition Scholarship during 1912-15 at University 
College, London, and for the last year at Glasgow, 
where he was an assistant during 1914-17. After 
two further years as lecturer at Belfast, Dr. Wright 
returned to Glasgow in 1919. His research work has 
been mainly concerned with the study of solutions. 

For the present session, 245 students have been 
newly admitted to the Faculty of Science. This 
is about ninety fewer than for the previous session, 
the difference being almost wholly due to the 
diminution in the number of students from the 
Forces. About two hundred research students have 
been registered. For the University as a whole, the 
total of matriculated students is just over 7,000. 


University of Cambridge : Appointments 


THe following appointments in the University of 
Cambridge have been announced: Prof. Dorothy 
Garrod, head of the Department of Archzxology and 
Anthropology ; 8. K. Runcorn, assistant director of 
research in geophysics; P. Johnson and P. George, 
assistant directors of research in colloid science. 
A. G. Brighton has been re-appointed curator of the 
Sedgwick Museum of Geology, and W. 8. Mansfield 
director_of the University farm. 


Mineralogical Society : New Officers and Council 


Art the recent anniversary meeting of the Mineral- 
ogical Society, Officers and Council for the session 
1949-50 were elected as follows: President, Prof. 
C. E. Tilley; Vice-Presidents, Mr. B. W. Anderson 
and Dr. A. J. Bull; Treasurer, Mr. E. H. Beard ; 
General Secretary, Dr. G. F. Claringbull; Foreign 
Secretary, Dr. L. J. Spencer; Editor of the Journal, 
Dr. L. J. Spencer; Ordinary Members of Council, 
Dr. G. W. Brindley, Dr. F. Dixey, Prof. L. Hawkes, 
Prof. W. Q. Kennedy, Dr. S. O. Agrell, Mr. H. G. 


Dines, Mr. G. 8. Gowing, Dr. 8S. I. Tomkeieff, Dr. 
F. A. Bannister, Dr. J. Phemister, Mr. H. M. Powell 
and Mr. H. P. Rooksby. 


Announcements 


Mr. E. V. MURPHREE, president of the Standan 
Oil Development Co., New York, has been awarded 
the Perkin Medal by the American section of th» 
Society of Chemical Industry, given annually for out 
standing work in applied chemistry. Mr. Murphree 
is known for his work on synthetic rubber, catalyti; 
cracking, the application of the fluid solids tec! nique, 
and synthetic liquid fuels. 


A ScrENCE Meeting of the Physical Society will be 
held in the Physics Department, University of 
Birmingham, Edgbaston, Kirmingham, on Saturday. 
December 10, from 9.30 a.m. until 4.30 p.m. The 
subject of the meeting will be “Nuclear Physics”. 
Talks will be given as follows: in the morning, (j) 
“Crystals for Scintillation Counters’, by G. F. J, 
Garlick ; (ii) “Specul:tions about the Origin of the 
Elements’’, by Prof. R. E. Peierls ; in the afternoon, 
(i) “Life-times of Excited Nuclear States’, by Mr. 
D. E. Bunyan; (ii) “The Shell Models of Nuclear 
Structure”, by Dr. J. Lindhard. All physicists 
interested in the subject are welcome to attend. 


Ir is announced from Pembroke College, Cam. 
bridge, that the Stokes Studentship is about to 
become vacant. The Studentship will be awarded 
without distinction of sex ; preference will be given 
to graduates of the University of Cambridge. Candi- 
dates must not be less than twenty-three or more 
than thirty years of age on January 1, 1950, and a 
preference will be given to those between the ages 
of twenty-three and twenty-six. They must have 
shown capacity for research in mathematical or 
experimental physics or in related subjects, such as 
physical chemistry or the study of physical laws in 
relation to living matter. The normal value of the 
Studentship is £500 a year for three years. Applica 
ations must reach the Master of Pembroke College, 
Cambridge, on or before December 31, 1949, marked 
on the outside “Stokes Studentship’”’. 


To increase production knowledge in industry, tli 
British Welding Research Association has established 
a team of development and liaison engineers, who 
will interpret the research results of the Association 
and discuss the many varied applications of welding 
with persons and firms interested in such problems. 
Mr. A. J. Hipperson, who leads the team, was for 
many years connected with the Welding Advisory 
Service and has been with the British Welding 
Research Association since its inception. 

A series of three Christmas Lectures, specially 
adapted for a juvenile audience of from twelve to 
seventeen years of age, will be given in the Royal 
Photographic Society’s House, at 16 Princes Gate, 
London, 8.W.7, on December 28, 29 and 30, at 3 p.m. 
The lecturers and subjects will be as follows 
“Photographing People”, by Mr. Richard N. Haile; 
“How a Photograph Gets into Print”’, by Mr. F. H. 
Smith; ‘Photographing Marine Life’, by Dr. 
Douglas P. Wilson. Admission will be free but by 
ticket only, obtainable on application to the Secretary 
of the Society at the above address. 


Erratum. In the note in Nature of October 15, 
p. 649, referring to the journal New Education, the 
price of the first issue was wrongly given as ls. 6d. 
This should have been ls. 3d. 
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YTILBG@STROL has found varied use in the last 
~ decade in the field of hormone therapy, being a 
synthetic cestrogen of high potency. It appears to 
affect cellular growth processes as shown by (a) the 
production of mammary carcinoma of the mouse and 
testicular tumours in ‘Strong A’ strain mice, (b) its 
ability to cause regression of human and animal 
prostatic cancer and human breast tumour. 

It is conceivable that a substance thus capable of 
modifying normal cellular growth might produce its 
effect by altering some of the enzymatic processes of 
the cell. Indeed, McShan and Meyer' showed that 
stilbeestrol inhibits the succinoxidase syst¢™ in liver 
and pituitary tissues of the rat. In a later paper, 
McShan, Meyer and Erway* showed that the suc- 
cinoxidase system of other tissues is also inhibited 
and that a number of substances produce the same 
effect so long as they possess two phenolic groups 
in their structure (for example, benzcestrol, hydro- 
quinone). Substances containing alcoholic in place of 
phenolic groups were found ineffective. 

Case and Dickens* investigated stilbcestrol as a 
possible inhibitor of cytochrome oxidase. They found 
that 4: 4’-dihydroxystilbene, which powerfully 
inhibits the succinoxidase system, does not inhibit 
cytochrome oxidase or succinic dehydrogenase per se. 
Gordan and Elliott‘, studying stilbcoestrol inhibition 
of glucose oxidation, also showed that cytochrome 
oxidase is not the point of attack with rat cerebral 
cortex homogenates. 

We have now found that stilbeestrol will act as a 
hydrogen carrier in some biological oxidations and 
may compete with other hydrogen carriers in the 
cell. In this way it can, in certain circumstances, 
act as a respiratory catalyst ; in other circumstances 
it may appear as a respiratory poison. 

This communication represents a preliminary 
account of these findings, which will be described in 
detail elsewhere. 

We have made use of the fact that a suspension of 
freshly prepared manganese dioxide proves to be an 
excellent hydrogen acceptor suitable for investi- 
gations of biological respiratory systems under 
anaerobic conditions. Manganese dioxide was first 
used for this purpose by Mann and Quastel® in their 
studies of manganese metabolism in soil. Experiments 
are carried out with the Warburg manometric 
apparatus in an atmosphere of 93 per cent nitrogen 

+ 7 per cent carbon dioxide at 27° C., using a medium 
containing 0-025 M sodium bicarbonate solution. 
The following reactions take place, RH, representing 
the substance oxidized : 


RH, + MnO, = Mn(OH), + R 
Mn(OH), + CO, = MnCO, + H,O. 


The velocity of carbon dioxide uptake is a measure 
of the rate of MnO, reduction by RH,. Both MnO, 
and MnCO, are almost insoluble in our experimental 
media and do not appear to affect the course of 
enzymic changes. 

Using MnO, as a terminal hydrogen acceptor, it is 
possible to show that stilbcestrol is a hydrogen carrier 
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for aleohol and lactic dehydrogenases of yeast and 

for the amino-acid oxidase of rat kidney. 
Stilbeestrol (I) is easily oxidized by MnO, sus- 

pensions to the corresponding quinone (II) : 
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The rate of oxidation may be followed manometrically 
in a bicarbonate medium in an atmosphere of 93 per 
cent nitrogen + 7 per cent carbon dioxide. Details 
of this reaction and of a variety of other oxidations 
accomplished by MnO, will be published shortly. 


Experiments with Yeast Dehydrogenase Systems 


An acetone-dried powder of baker’s yeast which had 
been prepared in the cold by crushing the cells in a 
shaker with glass beads in presence of 2-5 per cent 
nicotinamide solution in phosphate buffer (pH 6-0), 
with subsequent precipitation of the cell-free extract 
by cold acetone, was found to be a suitable source of 
alcohol and lactic dehydrogenases. 1 ml. of an 
aqueous suspension of the powder (55 mgm./ml.) was 
placed in the main compartment of a Warburg mano- 
meter vessel. To this was added 0-2 ml. of MnO, sus- 
pension and 0-025 M sodium bicarbonate solution. 
0-2 ml. of 0-1 M sodium lactate or ethyl alcohol was 
placed in the side arm of the manometer vessel 
and tipped in following the equilibration period. 
bt Stilbcestrol was added in methyl alcohol solution 
to the medium in the main compartment of a War- 
burg vessel, a fine suspension of the stilbcestrol being 
produced. Methyl alcohol was added as a control to 
all vessels not containing stilbcestrol. It is oxidized 
to a slight extent by MnO,. In all stilbcoestrol-MnO, 
experiments a thermal equilibrium period of thirty- 
five minutes was allowed to take place prior to 
tipping in the substrate, during which time the 
reaction between stilbcestrol and MnO, to the cor- 
responding quinone proceeded almost (91-93 per 
cent) to completion. 

Typical results (Figs. 1 and 2) show the carrier 
effects of stilboestrol. They are similar to those ob- 
tained when methylene blue is used as an alternative 
hydrogen carrier (Fig. 3). The lines designated by B 
show the carrier effects of both stilbcstrol and 
methylene blue on the substrate already present in 
the yeast preparation without additional substrates. 













































Experiments with Rat Kidney Amino-Acid Oxidase 

Kidney extracts were prepared by grinding, for 
5 min., 3 gm. of fresh rat kidney tissue with ‘Pyrex’ 
glass in a mortar containing 5 ml. of cold saline. 
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Fig. 1. Stilbeestrol as a carrier for alcohol dehydrogenase. 

A, Yeast powder + methanol + ethanol + stilbestrol; B, yeast 

powder + methanol + stilbestrol; C, methanol + stilbestroi ; 

D, yeast powder + methanol + ethanol. Concentrations used : 

stilbw@strol, 2-3 x 10° M; ethanol, 60 x 10°°M; methanol, 
1°55 M; yeast powder, 55 mgm. per vessel 


Following 10 min. standing at room temperature. 
another 2 ml. of saline were added and the mixture 
squeezed through moistened surgical muslin. 0-2 ml. 
of 0-1 M dl-«-alanine was placed in the side arm of 
the manometer vessel containing the kidney prepar- 
ation and MnO, suspension in presence of bicarbonate. 
After equilibration and tipping in the amino-acid, it 
was found that stilboestrol acts as an accelerator of 
the oxidation of alanine. Typical results are shown 
in Table 1. 

There is little doubt that stilbestrol (I) acts 
through the formation of its corresponding quinone 
(II), a high concentration of which is provided by 
the action of MnO, before addition of the substrate. 

Stilbene quinone was prepared originally by 
Fieser*, using potassium molybdicyanide, and diethyl 
stilbcestrol quinone was made by H. v. Euler and E. 
Adler’, using lead tetra acetate. We prepared this 
quinone with MnQ,, and although we, like v. Euler 
and Adler, were unable to obtain a crystalline product, 











Fig. 2. 
Yeast powder + methanol + tate + stilboestrol : 
B, yeast powder + methanol + stilbestrol ; C, methanol + 
stilbestrol; D, yeast powder + methanol + sod. lactate. 
Concentrations as in Fig. 1 (lactate same as ethanol) 
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Table 1. 


Kidney extract, methy! alcohol, 
MnO,, NaHCO,, together with : 


Nil | 14 
a-Alanine 79 
Stilbeestrol 25 
a-Alanine + stilbeestrol 117 


Concentrations used : Kidney extenct | 325 mgm. tissue (w 

vessel, di-a-alanine 6-0 x 10~ M, stilbaestrol 2-3 x 10-* 3 
alcohol 1-55 M 

its physical properties agreed with those describe 

these authors. 

Diethyl] stilboestrol quinone is doubtless the 
hydrogen acceptor in our in vitro systems where | 
tion to diethyl! stilbcestrol by the dehydrogenas: 
place with subsequent oxidation to the qui: 


MnQ,. 


Stilbcestrol as a Competitive Hydrogen Carrier 

After having established the carrier effect of stil. 
beestrol, it seemed to us that this substance, in pro. 
ducing the observed inhibitions of glucose oxidation 
in brain‘ and the succinoxidase system of animal 
tissues'*.*, may effect its inhibition by competition 
with other, more active, hydrogen carriers rather 
than by an inhibition of any particular enzyme. 

Cytochrome ¢ acts as a catalyst of the oxida 
tion of lactate or of alcohol by MnO, in presence 
of the appropriate dehydrogenases of acetone-dried 
yeast. The addition of stilbestrol suppresses the 
catalytic effect of cytochrome c on the lactic dehydro 
genase system, but it has little or no effect on the 
alcohol dehydrogenase system. Typical results using 
the MnO, technique in presence of nitrogen — carbon 
dioxide are shown in Table 2. 


Anaerobic oxidation of sodium lactate and ethy! alcohol by 
a yeast — cytochrome ¢ — MnO, system 
(Results expre janed as wl. CO, uptake in 30 min. at 27° C 


Table 2. 


Substrate 
Yeast powder, cytochrome ¢, ————_—_—_—_- -.— - — 
methyl alcohol, NaHCO,, Lactate | Ethanol 
together with: (6-0 x10-* M.)| (12x10 M) 
Nil 
Stilbeestrol 
Substrate 
Substrate + stilbestrol 


cytochrome ¢ 7°2 x 10°* M, powder 


others as in Table 1 


Concentrations used: yeast 


55 mgm. per vessel ; 


The same differential effect of stilbcestrol on the two 
dehydrogenase systems is observable when the experi- 
ments are carried out aerobically, the MnO, being re- 
placed by the cytochrome oxidase system (see Table 
3). For experiment, a rat brain homogenate was added 
as a source of cytochrome oxidase to the yeast 
system. This was necessary as the acetone treatment 
of the yeast had destroyed most of its cytochrome 
oxidase. The homogenate was prepared with 0-9 per 
cent sodium chloride in an all-glass homogenizer*. 

Without the addition of extra cytochrome ¢, 
stilbeestrol completely inhibits the oxidation of 
lactate, while in presence of added cytochrome ¢ this 
effect is not as great, due doubtless to the increased 
cytochrome concentration. Stilboestrol has appar 
ently no effect on alcohol oxidation in this system 
Che results are shown in Table 3. These results also 
show that stilboestrol oxidation may be catalysed by 
the presence of cytochrome c. 

Our findings confirm those of Case and Dickens’ in 
showing that cytochrome oxidase is not attacked by 
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stilbwstrol. 
lack of effect on alcohol oxidation. 








system by competition 
acceptor with a more active one for the dehydro- 
genase involved has received confirmation by our 
finding that a series of hydrogen carriers may be 
employed in place of cytochrome c in the MnO, 
lactic dehydrogenase system and that admixture of 
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Fig. 3. Methylene blue as a carrier for alcohol dehydrogenase 
A, Yeast powder + ethanol + methylene blue; B, yeast powder 
+ methylene blue; C, methylene bine; D, yeast powder + 
ethanol. Concentrations asin Fig. 1; methylene blue, 8-0 x lu-* MW 


stilbeestrol, since it has no effect on the alcohol 
dehydrogenase system studied aerobically. The 
results also show that stilbcestrol does not inhibit 
the cozymase-linked alcohol dehydrogenase. 

Stilbestrol, however, while it catalyses the 
anaerobic oxidation of lactate by lactic dehydrogenase 
in presence of MnQ,, strongly inhibits this oxidation 
when catalysed by cytochrome c. Since it is clear 
that stilbuestrol does not inhibit yeast lactic dehydro- 
genase, for otherwise it could not cataly-e its activity 
with MnO,, it follows that the stilbuw strol (or rather 
its quinone) must exert its effect by competing with 
cytochrome c as a hydrogen acceptor for the lactic 
dehydrogenase. Stilbwstrol, as already mentioned, 
is converted quantitatively into its quinone by MnO, 
and it is the quinone doubtless which competes with 
cytochrome c for the enzyme. 

The competition between stilbcestrol quinone and 
cytochrome c cannot take place with all enzymes 
with which cytochrome c is associated; otherwise 
cytochrome oxidase and cytochrome reduction by 
reduced flavoprotein would also be inhibited by 
This is not the case, as shown by the 


This phenomenon of an inhibition of a respiratory 
of a sluggish hydrogen 


Table 3. Aerobic oxidation of sodium lactate and ethyl alcohol by a 


mixed yeast-brain preparation 
(Results expressed as wl. oxygen uptake in 30 min. at 27° C.) 














Concentrations used : 
(wet wt.) per vessel, nicotinamide 1-3 x 10~* M ; others, see Table 1 















Substrate 
= ‘1 actate Ethanol 
_ Yeast powder. rs rat brain No added | Added Added 
cyto- cyto- cyto- 
methy! Alcohol, with: chrome ¢ | chrome | chrome ¢ 
Nil BA 61 55 
Stilbeestrol (2-3 x 10~* M) 14 58 65 
Substrate (1-2 x 10-* M) 82 | 392 81 
Substrate + stilbaestrol } 17 199 | 94 
| 





cytochrome ¢ 4-8 x 10~* M, rat brain 120 mgm. 
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stilbcestrol brings about inhibitions of some carrier 
activities and not of others. Moreover, the effects 
are to be found with a variety of enzyme systems, 
including alcohol dehydrogenase, «-glycerophosphate 
dehydrogenase and triosephosphate dehydrogenase. 
Details of these findings will, it is hoped, be published 
shortly. 


Competitive Hydrogen Carriers 


The phenomenon of competition of one hydrogen 
acceptor with another for a dehydrogenase, resulting 
in an inhibition of dehydrogenase activity, if the 
acceptor with the higher affinity for the enzyme is 
the more sluggish hydrogen carrier, must be one of 
general importance. 

1t makes it possible to understand how a molecule 
may inhibit or divert the course of intracellular 
oxidations without interference with the enzymes 
involved or without competition with the substrates 
activated by these enzymes. Clearly, therefore, the 
presence of such a competitive hydrogen carrier may 
markedly affect metabolism and cell growth. It 
is not unreasonable to suggest that the physiological 
and therapeutic effects of stilbostrol may find an 
explanation in its behaviour as @ competitive hydro- 
gen carrier. 

Our thanks are due to the Banting Research 
Foundation, Toronto, for support in the above 
investigation, to Dr. G. W. Holden of Charles E. 
Frosst and Co., Montreal, for having generously sup- 
plied the diethyl stilbestrol, and to Dr. K. A. C. 
Elliott for the cytochrome c which we have used. 


* McShan, W. H., and Meyer, R. K., Arch. Biochem., 9, 165 (1946). 

*McShan, W. H., Meyer, R. K., and Erway, W. F., Arch. Biochem., 
15. 99 (1947). 

* Case, E. M., and Dickens, F., Biochem. J.. 43. 481 (1948). 

* Gordan, E. 8., and Elliott, H. W., Endorrinol., 41, 517 (1947). 

* Mann. P. J. G., and Quastel, J. H., Nature, 158, 154 (1946). 

* Fieser. L. F.. J. Amer. Chem. Soc. 62, 4915 (1930). 

* Euler, H. von., and Adler, E., The Svedberg Memorial 


246 (1944). 
* Potter, V. R., and Elvehjem, C. A. J. Biol. Chem., 114, 495 (1936). 
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CLASSIFICATION OF BACTERIA 
By E. J. FERGUSON WOOD 


Marine Bio'ogical Laboratory, Commonwealth Scientific 
and Industria! Research Organisation, Cronulla, N.S.W. 


HERE is a growing feeling of dissatisfaction 
among bacteriologists with Bergey’s ““Manual’’! 
and its system of classification of the bacteria. The 
uncritical listing of ‘species’ and the construction of 
inadequate keys leads to the creation of more ‘species’ 
on no grounds other than that they do not fit the 
described ‘species’. No study of the variation within 
or between species or genera is required, so, in the 
majority of cases, none is made. Cowan?* has suggested 
the abolition of priority, and recognition of only such 
forms as are preserved as type cultures. The difficulty 
here is that cultures tend to vary upon repeated sub- 
culture, some properties (for example, agar digestion, 
motility, luminescence) being lost very rapidly by 
some strains. This is especially the case with sapro- 
phytic forms and is probably not appreciated by those 
who work only with the more stable pathogenic 
types and their allies. Furthermore, few type culture 
collections will include these saprophytic forms. 
The solution to the problem seems to lie in an 
alteration of the genus-species concept, a suggestion 
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implicit in Cowan’s article and explicit in a recent 
paper by van Niel*®. The latter points out that since 
we do not know the phylogeny of the bacteria, we 
cannot apply the Linnean genus-species concept. He 
goes further and considers that we should abandon 
binomials and use a system of cross-reference keys. 
This seems to be going too far. The binomial system 
is easy and convenient, and it is also useful to group 
apparently allied forms into families. So long as we 
remember that our divisions are not necessarily 
phylogenetic, the difficulties largely disappear. Some 
of them may happen to be so; for example, Bisset’s 
work‘ on their cytology suggests that Streptococcus 
and Corynebacterium are related, a relationship 
already regarded as probable from other properties. 

A genus then becomes a convenient grouping which, 
however, may be hard to demarcate from other 
genera, for example, Mycobacterium and Actinomyces 
or Pseudomonas and Vibrio. It may include forms 
which are phylogenetically heterogeneous, but this 
is inevitable in the present state of our knowledge. 
Species can only be delimited when a number of 
cultures have been examined and their characters 
adequately studied. It will usually be found that 
the greater the number of strains tested the greater 
the variation. One begins to wonder whether there 
can be such a concept as a bacterial species, or 
whether bacteria are continually changing in adapta- 
tion to their environment at such a rate that species 
must alwavs be arbitrary. In higher plants one can 
fix a type species to which the majority of forms will 
approximate, but I have failed to find many char- 
acters whereby a bacterial type species can be fixe. 
The only reasonably satisfactory ones in the marine 
forms which I have studied are morphology and 


pigmentation, with some other characters occasionally 
sufficiently constant to support a separation; for 
example, the fermentation of glucose in Pseudo- 


monas,. Abd-el-Malik and Givson*® have found a 
continuous gradation in Micrococcus. It must be 
conceded then that, apart from the two characters 
mentioned above (and variants in pigmentation are 
not uncommon though confined to certain strains), 
no single character, such as reduction of nitrate or 
liquefaction of gelatin, is sufficient to delimit a 
species. HKrooks and Hucker* came to the same con- 
clusion with the animal diphtheroids, but unfortun- 
ately did not carry their convictions into the sixth 
edition of Bergey's ““Manual”’. 

I have recently studied in detail a number of 
strains of non-pathogenic organisms in connexion 
with the bacteriology of water. They belong to the 
following groups. 

(1) THe coccorp rors. These include the genera 
Micrococcus, Sarcina, Streptococcus and Sporosarcina. 
It seems doubtful whether this group is a phylo- 
genetic unit, as some strains of Corynebacterium were 
found to become cocenid very rapidly, and it is 
possible that some of the cocci are actually derived 
from rod forms. On the other hand, some writers 
have suggested a relationship between the cocci 
through motile forms with Pseudomonas, and this 
does not seem unreasonable. Many authors have 
suggested a relationship between Streptococcus and 
Corynehacterium, and would separate Streptococcus 
from the other cocci. There is evidence that this 
relationship is real; but at the same time many of 
the coccoid Corynebacterium strains resemble the 
Micrococci, and Sarcina forms are not uncommon. 
It may be that the cocci are derived in part from rod 
forms, and that other rod forms are descended from 
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cocci. It is at times difficult to separate M icrococens 
and Sarcina on morphological grounds, and they are 
physiologically very similar. However, the retention 
of these two genera seems justified at present 

(2) NON-SPORING GRAM-NEGATIVE PERITRICHOYS 
FORMS. These include the intestinal forms and sapro. 
phytic organisms. (The hemophilic forms are not dig. 
cussed here.) Lehmann and Neumann’ included thege 
in the genus Bacterium, but it seems better to dividg 
Migula’s genus, though not so much as Heryey hag 
done. I suggest the genus Enterobacter (Rahn) emend. 
for the lactose-fermenting forms. Aerobacter and 
Klebsiella would disappear. The gradation of inter. 
mediate forms should have invalidated these two 
genera long ago. 

The genus Proteus seems well defined, and the 
division is supported by several characters, such as 
rate of fermentation of glucose, failure to produce gas 
from lactose, and the decomposition of urea. 

Salmonella seems a valid genus ; it fails to produce 
gas from lactose, is antigenically related and fre. 
quently pathogenic. 

Kurthia, being Gram-positive and peritrichous, 
seems distinctive. It is also much less reactive than 
the other genera of the group. 

The genera Chromobacterium, Achromobacter and 
Flavobacterium should, I consider, be placed together 
in the genus Bacterium, as pigmentation is not 
regarded as a suitable generic character. Bergey's 
Alcaligenes and Cellulomonas are as mixed a group 
as his Bacterium, but many, if not most, of the organ. 
isms in these genera are Corynebacterium or Bacterium, 
and are readily recognizable as such. 

(3) GRAM-POSITIVE PERITRICHOUS SPORING FORMS 
OF THE GENERA Bacillus anD Clostridium. I agree with 
Cowan that Nathan Smith has done excellent work 
with the former genus, and accept these two genera. 

(4) GRAM-NEGATIVE FORMS WITH POLAR FLAGELLA. 
These include the genera Vibrio, Pseudomonas, 
Spirillum and Mycoplana. It is sometimes difficult to 
separate Vibrio from Pseudomonas, and it is rather 
doubtful whether the two names are justified. Thjotta 
and Semme® have isolated a number of strains of 
Gram-negative rods with polar flagella which fail to 
fit either of these two genera. I have also encountered 
a number of these. I would place ther in Gray and 
Thornton’s*® genus Mycoplana, which would then 
include all Gram-negative pleomorphic strains show- 
ing polar flagella. The property of using aromatic 
compounds is common to this group, Pseudomonas 
and other genera, so cannot be used as a diagnostic 
character, as is done in Pergev’s “Manual”. 

(5) GRAM-POSITIVE RODS, NON-MOTILE OR MOTILE 
WITH POLAR FLAGELLA. I have not studied /acto- 
bacillus or Propionibacterium, so do not know whether 
these two genera should stand. I feel that Propioni- 
bacterium may become a synonym for Corynebacterium. 
Bergey's “Manual” now includes soil forms and plant 
pathogens in the latter genus. One of the difticulties 
in delimiting Corynebacterium is the fact that it is 
usually non-motile. ‘Topping'® described forms that 
appeared to be motile Corynebacterium, and I have 
found a number of such forms, having polar flagella, 
but otherwise identical with forms of the genus. 
Once we accept this, we have no difficulty in placing 
Bacterium globiforme Conn in Corynebacterium. The 
Gram-positive polar flagellar strains described by 
Thjotta and Semme fit in here. Mycobacterium is 
often hard to separate from Corynebacterium and 
Actinomyces, and Jensen™ tried to overcome the 
difficulty by creating Proactinomyces, which Bergey 
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¢ al. now suppress. However, there seems every 
reason for retaining Mycobacterium and Actinomyces, 
as some at least of the species of each genus are well 
defined. 

When we realize the difficulty of adequately 
defining genera, it will not alarm us if we reduce the 
number of species, and define them in terms of 
possible range of variation. This will remove from 
record most of the species in Bergey's handbook, but 
will allow the ecologist to compare the floras from 
different environments. It will also prevent the 
creation. of new species on slight and unessential 
differences. 

In order to give effect to suggestions for a more 
useful classification, it seems advisable that bacterio- 
logists should publish their views and gradually 
evolve a scheme acceptable to the majority. The 
failure of setting teams of experts to work on different 
groups and combining the whole into a ‘system’ is 
adequately demonstrated in Lergey’s ‘““Manual”’. 

’ Dumy,, al., “Manual of Determinative Bacteriology”, 6th edit. 

(1948). 

*Cowan, 8. T., Nature, 162, 833 (1948). 

*Van Niel, C. B., Cold Spring Harbor Symp. II, 285 (1946). 

‘ Bisset, K. A., J. Gen. Microd.. 2, 126 (1948); 3, 93 (1949). 

* Abd-el-Malik. Y., and Gibson, T., J. Dairy Res., 15, 249 (1948). 

* Brooks, R. F., and Hucker, G. J., J. Bact., 48, 2905 (1944). 
*Lehmann, K. B., and Neumann, R. 0., “Bakteriologische Diag- 

nostik”, 8 Aufl. (Munchen, 1927). 

*Thj tta, Th., and Somme, O. M., Skr. Utgitt Norske Vid.-akad., 

Oslo, I, 4 (1943). 

* Gray, P. H., and Thornton, H. G., Cent. Bakt., I1,-73, 74 (1928). 
” Topping, L. E., Cent. Bakt., T1, 97, 289 (1937). 
“ Jensen, H. L., Proc. Linn. Soe., Aust., 66 345 (1931). 
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SOCIETY FOR APPLIED 
BACTERIOLOGY 


ANNUAL CONFERENCE 


OME sixty members and visitors attended the 
S summer conference of the Society for Applied 
Racteriologv (formerly the Society of Agricultural 
Bacteriologists) held, by courtesy of the authorities, 
at the University College of Wales, Aberystwyth, 
during September 19-22. Twelve papers and four 
demonstrations were included in three conference 
sessions. 

Factors afvecting the production of hydrogen 
sulphide by sulphate-reducing bacteria in sewage 
were discussed by Dr. L. A. Allen, of the Water 
Pollution Pesearch IT aboratory, Watford, and the 
activities of sulphate-reducing bacteria by Mr. 
K. R. Butlin, of the Chemical Kesearch Laboratory, 
Teddington. In both papers the main object of the 
work reported was to avoid or minimize the nuisance 
due to evolution of hydrogen sulphide gas. In Mr. 
Rutlin’s experience, increasing the acidity to pH 
3-0-4-0, as described earlier by Punker, gives suc- 
cessful results. The possibility of biological control 
by the purple and green sulphur bacteria is under 
investigation. 

Dr. C. B. Taylor, of the Butterwick Research 
Laboratories, Imperial Chemical Industries, Ltd., 
reported the result of an investigation on the efvect 
of phosphorus on the decomposition of organic 
matter in water. He suggested that the restricting 
action of ferric ions on the decomnosing matter may 
be due to iron — phosphate complexes in which the 
phosphate is only with difticulty available to the 
bacterial cell. In circumstances where the iron- 
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phosphate ratio is high, this possibility may have 
some significance in fermentation processes, in 
estimations of the biochemical demand of liquors or 
even in agricultural soil. 

A discussion on the tests and classification of the 
coli-aerogenes group was opened by Dr. C. B. Taylor, 
who was presenting the report of a sub-committee 
appointed to give consideration to the subject. The 
sub-committee was asked to examine the extent to 
which the Society could usefully contribute to the 
knowledge of the methods used for the classification 
of non-spore-forming Gram-negative rods producing 
acid and gas from lactose. The recommendations of 
the committee created considerable discussion, and it 
was agreed that, prior to publication in the Pro- 
ceedings, the report should be circulated to members 
to enable those interested to comment. 

In the first of two papers on the heat-resistant 
bacterial flora of milk, Mr. J. G. Murray, of the 
Ministry of Agriculture, Belfast, showed that with 
rinses of equipment a truer picture of the total heat- 
resistant flora on the milk equipment is obtained 
when the rinse is mixed prior to pasteurization in 
the proportion of one part rinse (quarter strength 
Ringer’s solution) to nine parts sterile skim milk. In 
the second paper it was stated that the numbers of 
thermoduric bacteria are found to increase only 
slowly in milk and on milk equipment, even where 
the latter is obviously inadequately washed and 
sterilized. and, in the majority of cases, only after 
thirty days are high thermoduric counts obtained. 
This result is probably due to the absence of any 
heat sterilization in the cases investigated. 

Miss M. P. Scarr, of the Research Laboratories, 
Messrs. Tate and Lyle, Ltd., presented an interesting 
paper on the production of polysaccharides by rod- 
shaped bacteria in sugar factory and refinery pro- 
cesses. Examination of mucoid deposits in strainers 
and pipe lines shows that the sticky material is 
probably a levan and is possibly produced by 
symbiosis between Bacillus pedunculatus (Koch, 1894) 
or Nesvkia pedunculatus (Rergey, 1948) and a species 
of Zygosaccharomyces. On the refining side, charcoal 
may be found to be gummy, making it difficult for 
regeneration. Two rod-shaped organisms, one aerobic 
and the other anaerobic and both markedly capsulated 
in sucrose, were isolated from this material. The 
anaerobe was found to be the principal offender, the 
initial source being beet sugar liquor. Treatment of 
the plant after cleaning with calcium bisulphite con- 
taining not less than 200 p.p.m. of sulphur dioxide is 
a recommended deterrent. Photomicrographs of 
capsule-forming rods, stained by a little-known 
method, were a feature of this paper, and it is hoped 
that the author will include staining details in the 
full paper. 

The heat disinfection of S. feecalis was the subject 
of a paper by Dr. T. Richards, of Reading, and Miss 
H. R. B. White, of London, in which the logarithmic 
death-rate of the majority of organisms was studied 
as an indication of thermal resistance. In seventy 
measurements involving six different strains of 8S. 
fecalis, it was found that the decimal reduction time 
in Ringer’s solution at 60° C. varied from 9-42 to 
1-82 min. with an overall mean of 109 min, 
In many cases a definite lag period was observed ; 
the significance of this observation in heat-resistant 
studies has been considered. 

Mr. C. E. Couithard, of Messrs. Boots Research 
Laboratories, Nottingham, gave a description of a 
specially designed air-conditioned room tor experim- 
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ental tuberculosis animals. The need for such a 
room arose during the war years, when the chemo- 
therapy of tuberculosis was under investigation, and 
precautions were necessary to prevent the trans- 
mission of infection from inoculated animals to 
either uninoculated controls or to the workers. The 
room has now been in use for several years, and 
periodic tests of the atmosphere by split sampler 
counts or falling organism counts have invariably 
given good results. 

A series of three papers by the West Midland and 
Aberystwyth workers of the Ministry of Agriculture 
discussed temperature-compensated tests on raw 
milk with particular reference to the resazurin and 
methylene blue tests. 

The four demonstrations were a welcome innovation 
at a meeting of this Society. Dr. C. B. Taylor 
illustrated a silica gel medium prepared by a new 
method, and the same worker demonstrated a new 
type of colony-illuminating chamber. Dr. C. L. 
Hannay, of Reading, also demonstrated two forms 
of colony illuminators—one suitable for petri dishes 
and the other for rolled tubes. Mr. H. P. Sherwood, 
of Conway, demonstrated a small roll-tube apparatus, 
for single tubes and suitable for laboratories where 
such an apparatus may be required only at infrequent 
intervals. 

Notes on these demonstrations together with the 
full papers will be published in due course in the 
Proceedings of the Society, the editor of which is Dr. 
T. Richards, Bacteriology Department, University, 
Reading. 


THE FORESTRY COMMISSION 


TWENTY-NINTH ANNUAL REPORT 


HE twenty-ninth annual report of the Forestry 

Commissioners for the year ending September 30, 
1948, has been recently published*, and from the 
point of view of Great Britain as a whole, the three 
most interesting items are the dedication scheme, 
timber production and the progress of land acquisi- 
tion. Also of interest is the present arrangement 
between the Commission and the Ministry of 
Agriculture. ‘ 

The area of forest that has been planted, namely, 
36,404 acres, is 10,048 acres more than in the previous 
year, but is 6,600 acres short of the area aimed at. 
The total area of land acquired by the Commission 
is now 1,477,000 acres, 36,350 acres having been 
acquired during the year. This was in deficit of the 
area laid down. Of the area planted, 23,932 acres 
were on new land, and 12,472 acres were replanted 
on felled woodlands. Soft woods were chiefly em- 
ployed, such as Norway and Sitka spruces, Scots and 
Corsican pines, and the larches, European and 
Japanese. The principal hardwoods, a small per- 
centage of the area planted, were oak and birch, and 
this is a serious problem because the brunt of the 
present-day excess fellings in Great Britain is falling 
on the hardwoods. 

The most contentious question, which the report 
deals with in a rather slurred fashion, is the dedica- 
tion scheme. With a greater realization of what the 
scheme implies and aims at, even when modified, 
private owners are mostly strongly opposed to some 
of the clauses. In fact, any owner of land would 

* Twenty-ninth Annual Report of the Forestry Commissioners for 


the Year ending September 30, 1948. Pp. 68. (London: H.M. 
Stationery Office, 1949.) 1s. 3d. net. 
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object to saddling it in perpetuity with some of the 
conditions set forth in the dedication proposals. It jg 
this naturally strong objection much more than the 
question of timber prices, curiously referred to in the 
report as a “burning question”, which forms the 
weakest link in the scheme. As is being pointed out, 
at present wage-scales and other items, forestry cay 
searcely do more than make ends meet. On the 
other hand, the capital value of the asset is great. 
Dedication precludes the owner for all time from 
utilizing this asset. 

As regards timber production, the report is very 
discouraging. Owing to economic difficulties ang 
restrictions on the imports of timber, fellings in the 
remaining woods of such a small island as (reat 
Britain still continue at an inordinate rate, mainly 
in oak and other hardwoods on private estates. Sixty. 
seven million cubic feet were licensed for felling, an 
increase of twelve million cubic feet over that for the 
year ending September 1945. It may be asked. who 
is actually responsible for this state of affairs ? The 
fair face of Britain, an asset which attracts a multi. 
tude of visitors to its shores, is being threatened with 
a rapid and deteriorating change. Moreover, the 
fellings, apparently entirely uncontrolled, are often 
wantonly and wastefully extravagant, as is com. 
monly to be seen in the felling of the younger and 
smaller sized standards in a crop with a coppice 
undergrowth. The scale of these hardwood fellings is 
far exceeding the annual growth being put on to the 
existing woods and can in effect, as the Commis. 
sioners point out, only be maintained for a very 
limited period. We now have, and the taxpayer pays 
for, a Forest Service in Great Britain. At least it 
should be left to lay down the total annual amount 
of felling safely possible in Britain, and this figure 
should be accepted by the Cabinet Minister respon. 
sible. 

The Commissioners say that the progress of land 
acquisition is disappointing, and they attribute it to 
the general economic situation, rendering owners 
unwilling to part with their land, and with the 
greater importance of food production. The attitude 
of some of the officers of the Commission on this 
subject is curious. They appear to regard it as almost 
a duty of a landowner to sell his land for afforestation 
purposes if required and to disregard all ideas of 
sentiment, long ownership and so forth. On the 
other side, a close and friendly liaison has come about 
with the agricultural departments, all land now 
acquired being subject to a settlement as to how it 
should be used, for planting or agriculture. Under the 
Forestry Act of 1945, land acquired through the 
Forestry Fund is vested in the appropriate Minister 
for England or Scotland. The Minister may place 
such land at the disposal of the Forestry Commis- 
sioners or may manage any of it for agricultural 
purposes. As a result of this new procedure, large 
areas of land hitherto managed by the Forestry 
Commission, but either unsuitable for afforestation 
or unlikely to be required for planting in the near 
future, are being transferred to the agricultural 
departments. This is a wise and notable departure. 
A forestry department, especially a young one, 
saddled with large areas of useless (for forestry 
purposes) land and having to act and carry out the 
duties of a land agent or factor, suffers a grievous 
handicap, as has been proved times without number 
in the past, to the detriment of the real work for 
which the forest officer is trained. 

E. P. STessrne 
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ofthe ff BRITISH BOOT, SHOE AND 
8. i 
chan the ALLIED TRADES RESEARCH 
in the ASSOCIATION 
rms the 
_ om, OPENING OF NEW LABORATORIES 
Y can 
On the HE British Boot, Shoe and Allied Trades 
iS great, Research Association was one of the first to be 
ne from neorporated. It started in the town of Northampton 
ina very small way in 1919. At that time, when the 
JS Very esearch association movement was quite new, the 
les and principle obtained that anything was better than 
8 in the jothing in the way of science in industry, and this 
8 Great \ssociation began with a trade contribution income 
mainly f only £500 a year. During the frst four vears it 
Sixty. remained small and its staff was only part-time. In 
ling, an \922 steps were taken to put the Association on to a 
for the more national basis, and it was towards the end of 
»d. who that year that a full-time director was appointed, the 
? The headquarters were moved to London, a small staff 
} multi july appointed, and a beginning made with full-time 
ed with work in somewhat incommodious premises in City 
er, the Road, E.C. In 1927 a move was made to better 
> often accommodation in Redford Square, W.C. These 
5 com. premises were damaged early in the air raids of 1940 
er and and the Association went to temporary accom- 
-Oppice modation in the Boot and Shoe Technical School, 
lings is Kettering, where the work was carried on through 
to the the War. When the War ended, search was made for 
mmis. suitable premises in the Midland area for the Asso- 
4 very ciation’s permanent home, it being almost impossible 
T pays to find suitable accommodation in London. A house 
past it in Kettering with reasonable area of land was 
mount acquired and at the beginning of 1947 the Association 
figure took it over. In due course the erection of extensions 
espon- was begun, culminating in the opening of the new 
laboratories at Satra House by the Duke of Gloucester 
f land nm October 28. 
> it to To-day, the whole of the shoe industry of Great 
‘wners Britain is connected with the Research Association 
h the either in full membership or affiliation. All the shoe 
titude manufacturers through their trade associations are 
1 this members en bloc. Wholesale and retail distributors, as 
most organised bodies, are in full membership or affiliated ; 
ation the Shoe Operatives Union is affiliated, and in 
as of addition there is a considerable body of membership 
n the from the ancillary supply trades. So, as it should be, 
about the scientific body is unique in linking together all 
now sections of the industry ; no matter on which side of 
ow it the table they may be in business, economic and 
or the other such negotiations, all sections are united under 
1 the the banner of science for the improvement of the 
ister industry and its service to the community. It has 
place taken thirty years to achieve this from the small 
umis- beginnings in Northampton. 
tural Thirty years is not an unduly long time for such 
large an accomplishment. The shoe industry is a craft 
estry industry based on the handicraft which is as old as 
ation civilized man. It is a traditional industry ; but in the 
near form that we know it to-day it is young. ‘i‘he mechan- 
bural ization was beginning only two generations ago. 
cure. The mental disciplines of craft and science are quite 
one, different and the problem of grafting science on to 
stry this industry is in large measure the psychological 
the one of unifying two different mental disciplines. It 
vous is a long time since this was recognized by the 
nber Research Association and allowed for in its plans. 
for Thirty years—a generation—was the period antici- 
pated as necessary for a reasonable measure of 
G 


accomplishment. 
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The shoe industry is very close to the public; it 
is a secondary industry producing a commodity of 
direct personal significance to each individual in the 
community. It is sometimes thought that the 
industry’s science must begin where its supply 
industries leave off ; we prefer to say that it begins 
with civilized man’s need for footwear. The funda- 
mental work is research into the human need. to 
measure and tabulate it in all its aspects in order to 
build up the knowledge necessary to decide how best 
to satisfy the need. Accordingly, the research pro- 
gramme starts with foot surveys, to accumulate 
statistical knowledge of foot dimensions and shapes 
for all sections of the community—children, adoles- 
cents, adults—in various geographical areas and social 
strata. There is also work on orthopedic aspects of 
footwear to throw light upon the influences which the 
shoes may exercise upon poise and gait, with their 
consequent subtle reactions on bodily well-being. 
There are physiological questions relating to foot 
comfort in regard to warmth or coolness, moisture 
dispersal and so forth. At the next stage of a logical 
sequence an understanding is required of all potential 
shoe materials so that their physical and chemical 
properties may be assessed in relation to the require- 
ments in shoes for physiological comfort, weather- 
proofness and serviceability. 

Next comes the manufacture of shoes, where again 
the properties of the materials are important in 
relation to factory processing. Development of pro- 
cessing methods rests very largely upon improving 
knowledge of* the physics of the materials. The 
manufacture of shoes consists to-day in a sequence 
of machine operations, the different machines along 
the line having different production capacities, so 
that problems arise in the balancing of the chain. 
There are doubtless general propositions to be worked 
out in this connexion which mav be valid for such 
other industries as are similar in the sense that 
batches of articles in work flow down a chain of oper- 
ations. ‘he ultimate object is, of course, the 
improvement of manufacturing efficiency and pro- 
ductivity, and the money value of the product to the 
public. Finally, there are problems of distribution, 
in particular, stock-keeping. The ideal is naturally 
that a stock of shoes should be so constituted as to 
provide a maximum probability of being able to suit 
the random foot. This is complicated enough for a 
simple type of shoe because of the variety of fit 
criteria, but it is additionally complicated by the 
variety of types and styles. 

The brief outline just given shows how shoe science 
and the Research Association’s programme are 
broadly based on a policy of service to the com- 
munity—undoubtedly a sound principle for any 
industry's research programme and in the long run 
the surest foundation for an industry’s prosperity. 

The Association’s laboratories at Satra House 
provide accommodation for all the various types of 
work in the programme : mathematics and statistics, 
last modelling, shoe making, shoe fitting, orthopedics, 
biophysics, physics and chemistry, methods and 
production engineering. In the staff are brought 
together the many various talents and _ scientific 
accomplishments necessary to bring all the best 
techniques into the several parts of the programme. 
Three typical examples will illustrate: a team goes 
out into the field to survey feet ; it is composed of 
the leader who is bringing to bear new ideas in 
electronic technique for the testing of shoe fitting, an 
individual experienced in foot measurement, a last 
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modeller and a physiotherapist. The results collected 
in the survey are investigated in the laboratories by 
mathematical statisticians, then last models are made 
to incorporate the statistical results, ranges of shoes 
made and then taken out into the field in a statistical 
fitting trial. A second illustration is afforded by a 
wear trial of shoe components. [Physicists and 
chemists have collected the appropriate laboratory 
information about the materials to be tested. which 
are then built into shoes and put out for systematic 
wear trials in accordance with a proper plan designed 
by the statisticians for the necessary cross-linkages 
and tests of significance. This type of work is essential 
to the development of laboratorv quality-appraise- 
ment methods. A third illustration may be taken 
from the productivity investigations ; a team going 
into a shoe factory for this work is comnosed of a 
shoe factory technician who acts as leader, a pro- 
duction methods engineer, junior observers, and often 
@ statistician—economist. 

As a tinal word it may be said that in addition to 
the work at Satra House the Association finances a 
fellowship at University College, London, where a 
research fellow possessing medical qualifications 
works full time on problems of the foot, and the 
influence of shoes on its structure and function. 

H. BRADLEY 


ONTARIO RESEARCH 
FOUNDATION 


ANNUAL REPORT 


HE annual report for 1948 of the Director of 

Research of the Ontario Research Foundation*, 
after referring to the increased accommodation now 
available and to the strengthening of the staff by 
graduates of Pritish universities who have recently 
gone to Canada, expresses concern at the absence of 
a floating supply of capable research workers in 
Canada and at the diminishing income from invest- 
ments which, with rising costs over the past ten years, 
has limited both the number of senior staff capable 
of directing applied research and also the number of 
young graduates which fhe Foundation could engage, 
as well as the amount of basic research it could 
initiate and support. The greatest problem of the 
Foundation to-day is to restore to their earlier 
proportions these three aspects of its activity. Satis- 
factory progress has been made in the projects in 
parasitology, wood chemistry, physiography and 
climatology, wire-rope research and ferrous metal- 
lurgy undertaken with the co-operation of the 
Advisory Committees of the Research Council of 
Ontario; with the Industrial Advisory Committee 
of the same Council etforts have been made to 
stimulate group research in that Province, but with- 
out suecess, and the conclusion was reached that 
group research cannot be developed on the basis of 
the existing trade associations. 

In the field of biochemistry, with a fellowship 
on linseed oil, partly supported by the National 
Research Council, research has further elucidated 
the structure of isolinoleic acid formed during the 
hydrogenation of linseed oil. Under other fellowships, 
careful studies have been made of the constitution 


* Annual Report of Ontario Research Foundation, 1948. Pp. 26. 
(Toronto: Ontario Research Foundation, 1949.) 
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of pharmaceuticals possessing antihistaminic pro 
perties, and of the effects of small concentrations 
of metals on the keeping qualities of Vegetable 
oils. In the Department of Chemistry, attentioy 
was given to @ single-stage process for the producti, 
of washable wall-paper, and the flow and printing char. 
acteristics of wall-paper coatings ; and invest ization. 
on the commercial possibilities of sulphite liquor ang 
the manufacture and applications of sodium carboxy 
methylcellulose continued. With the termination of 
investigations on the development of synthetic gum 
from Canadian raw materials, attention is being 
directed to the chemistry and utilization of white 
birch, the essential oils contained in the leaves, cones 
and twigs of twelve Ontario species, and the pro. 
duction of tannin from waste sulphite liquor. Two 
other projects supported by grants from the National 
Research Council have been concerned with plastic 
dentures from acrylic resins and with the polymer. 
ization of styrene-isoprene, butadiene—isoprene and 
butadiene—styrene systems; this second project has 
now been terminated. 

In the Department of Engineering and Metallurgy 
fellowships in operation relate to malleable electro. 
lytic nickel, the theoretical and applied aspects of the 
use of lithium atmospheres in the carbonization of 
steel, the controllable factors affecting the resistance 
of steel balls to abrasion, the behaviour of binary 
alloys of titanium and other metals at high temper 
atures and a study of methods to relieve the existing 
shortage of steel scrap in Canada. The Mathematica! 
Statistics Unit undertook studies on sequential 
sampling frem finite batches, the confidence limits 
for hypergeometric distribution, and methods for 
estimating biological populations. Work in the 
Department of Parasitology has been concerned with 
the conditions of climate and weather which determine 
the total population of black flies in any season and 
their activity to man, bird and beast. Helmintho. 
logical work has related to the maintenance of a 
host-parasite catalogue for the vertebrate animals of 
Ontario, collection of material for a study of the 
pathological lesions caused by worm parasites and 
experimental studies on the toxic and allergic mani- 
festations caused by the body fluid of Ascaris 
lumbricoides, a worm parasite of the pig, and on the 
immunological relations between the ascarid worms 
of pigs, man, cattle, horses and skunks. In the 
Physiography Department, the evaporation experi- 
ment in Toronto was continued for a second season, 
and a co-operative irrigation experiment on young 
pine trees was started at the Ontario Reforestation 
Station. 

There was no extension of the work of the Textiles 
Department, but the existing projects on quality 
control, on nylon and on wool problems were con- 
tinued or enlarged. During the year the Industrial 
Research Services Department made 790 visits to 
plants or offices and has received requests for assist- 
ance from more than two thousand firms or indi- 
viduals, and of these, seven hundred have used the 
service more than once. The success of this work 
nine hundred inquiries have involved jaboratory 
work—has had repercussions on the _ scientific 
laboratories, and the director has already recom- 
mended the provision cf suitably equipped iabora- 
tories to handle inquiries from the food industries 
and in the field of applied physics. A list of papers 
published during the year is appended, together with 
the balance sheet and accounts and a list of pro- 
fessional and technical staff. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


An Aerodynamic Sense Organ Stimulating 
and Regulating Flight in Locusts 


Ir is @ curious fact that nearly all insects, even 


the best flyers, lack static organs, which are so highly 


jeveloped in other flying or swimming animals. 
%ensory systems sensitive to air currents have, how- 
, been suggested! or found?® in certain Diptera, 
at the Eighth International Congress of 
Entomology at Stockholm (August, 1948) I gave a 
saper on an aerodynamic sense organ in the locusts 
Schistocerca gregaria Forskal and Locusta migratoria 
12. Since 1947, this knowledge has been used in 


tudies on insect flight are going on. In short, the 
ensory organ consists of sensory hairs situated on 
the frons and the vertex of locusts. In suspended 
animals which have no contact with the ground, 
timulation of these hairs by means of a jet of air 
induces flight movements. Flying stops when the air 
jet is removed, and starts again on fresh stimulation. 
In this way sustained ‘stationary’ flight is possible 
for at least one hour. The forelegs are retracted 
as in normal flight; but, under these conditions, 
the hind legs are never drawn up. It is impossible 
to induce sustained flight by means of a jet of air 
when the sense organ has been covered with cellulose 
paint; uncovering results in a return to normal 
sensitivity. By covering diferent parts of she surface 

f the animal, including the antenne, it has been 
shown that only covering of the patches of hairs on the 
fons and the vertex prevents the flight responses ; 
but if some of them are left uncovered, flight may be 
induced. Recently (March 1949) similar observations 
m other Acrididw have been described by Boyd and 
Ewer‘, 

So far as Schistocerca gregaria (transiens phase) is 
concerned, the following details can be given at 
present. 

Morphology. In the very places where the sensory 
organ must be situated according to the covering 
experiments, five pairs of sensory hair patches can be 
seen (see diagram), the patches being indistinctly de- 





S$ mm 


Schistocerca gregaria, front view of the head capsule. Right side 
of head: general chetotaxis. Left: wind-sensitive hair patches 
(shaded and numbered 1-5) 
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fined. The sensory hairs are long and trichoid, with 
a basal plate situated on a thin flexible membrane 
of articulation. J‘issection shows that the wind- 
sensitive area is innervated by the paired nervus 
teg mentarius, and this big sensory nerve, the 
function of which was previously unknown, innerv- 
ates the sensitive area only, which thus seems to be 
homologous to Eltringham’s organ innervated by the 
same nerve’. When an air current blows past the 
hair patches, the hairs bend over, the angle depending 
on the wind speed, but they do not vibrate as do 
other hairs of similar length on the head and the 
body. They are damped. 

Function, It is possible to make a suspended locust 
perform sustained flight by means of a jet of air; but 
the tarsal refiex is insutticient for prolonged flight 
in these animals*. The stimulation of flight induced 
by an air current is so strong that it can sometimes, 
though not usually, make an animal perform regular 
contractions of the flight muscles, even though it is 
tied up with folded wings and in contact with the 
ground. ‘The function of the organ is not restricted 
to the mere stimulation of flight, however. Experi- 
ments, with a turning apparatus, where the locust 
and the air jet tube are fixed to the same turnable 
frame, show that horizontal] asymmetrical stimulation 
of the sense organ results in asymmetrical movements 
of the wings. If the direction of the horizontal air 
current deviates 5—10° from the body axis, the animal 
will move the wings so as to turn into the air current. 
Symmetrical stimulation results in symmetrical 
movements and the frame does not turn. 

When a locust flies in a stationary or uniformly 
moving air mass in Nature, with a certain velocity 
relative to the air, it is influenced by an air current, 
the speed of which equals the flying speed and the 
direction of which is exactly opposite to the relative 
direction of flight. So long as the body axis and the 
flight direction are in line and the animal flies straight 
on, the stimulation of the sensory organ is symmetri- 
eal. If, however, the body axis is suddenly turned 
away from the direction of the flight, the air current 
comes in at an angle. This stimulates the sense organ 
in such a way that the animal turns until the body 
axis is again parallel to the direction of flight. In 
this way the original direction of flight can be main- 
tained. So the organ seems to function as a stabilizer 
during flight. reculating the fight in the horizontal 
plane. Covering both the hair patches 3 (see diagram) 
inhibits this regulation, but unilateral covering does 
not seem to have any effect. Experiments in the 
mouth of a wind tunnel, under conditions very close 
to natural conditions, to investigate any similar 
regulation in the vertical plane, have so far failed, 
but the work is still going on. 

Yhe horizontal regulation has nothing to do with 
any ‘directional sense’ in flying locusts, for what has 
been demonstrated is that the organ functions as a 
yaw-stabilizer tending to maintain the body axis in 
line with the flight direction (or the relative wind). 
But if the air mass in which the locust flies does 
not move uniformly but is gusty and irregular 
like any normal surface wind, the organ might play 
some part in establishing a certain flight direction 
relative to the ground. 

Locust hoppers (mymphs) have the same hair 
patches as the adults. While, in a uniform non-gusty 
wind, the flying adults can only respond to the 
relative air movements which they themselves create 
by their flight, hoppers on the ground could con- 
ceivably, by means of this sense organ, orientate 
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themselves to the wind itself. Orientation to “wind 
by hoppers has been recorded’, though without 
reference to any sense organ. 

This work is part of a programme of research 
sponsored by the Anti-Locust Research Centre, 
London. 

’ T. Wer1s-Foou 
August Krogh’s Laboratorium, 
Sebredden 24, 
Gentofte, Denmark. 
Oct. 5. 

* Wellington, W. G., Canad. J. Research, D, 24 (1946). 
* Hollick, F. 8. J., Phil. Trans. Roy. Soc., London, B, 230 (1940). 
* Weis-Fogh, T., 8th Int. Congress Entomol., 1948 (in the press). 
* Boyd, K., and Ewer, D. W., S. Afric. Science, 2 (1949). 

*Ehnbom, K., Opuscula Entomol., Supp, VILI (1948). 
* Fracakel, G., Z. vergl. Physiol., 16 (1932). 
* Kennedy, J. S., Trias. R. Ent. Soc., Lond., 89 (1939). 


Development of Bacteriophage in 
Escherichia coli B, 


EXAMINATION of living cultures of Salmonella 
typhimurium by phase-contrast illumination has 
revealed the presence of characteristic changes when 
this organism is infected with different bacterio- 
phages'. The corresponding changes which occur in 
infected Escherichia coli B. have now been studied by 
the same method. The seven members of the ‘7” 
series of coliphages* have been classified in terms of 
serological characters, morphology (as shown by 
electron photomicrographs) and plaque size*. 7'1 and 
T5 are regarded as distinct types, whereas T2, 7'4 
and 76 are found to be closely related to one another, 
as are also 73 and 77. This grouping receives further 
confirmation in the observations now recorded. 

Specimens for microscopic examination were pre- 
pared by heavily infecting a young broth culture of 
E. coli B. with bacteriophage, and thereafter adding 
this to melted agar. A drop was mounted on a slide 
under a coverslip in the usual way, and further 
incubation was carried out in a thermostatically 
regulated cell on the stage of the microscope, where 
the changes which took place in the organism were 
kept under continuous observation. The object of 
embedding in agar was to eliminate movement; but 
it was noticed that thi¢ also slowed down the rate 
of development. 

Seen by phase-contrast ijlumination in control 
preparations, normal bacteria from young cultures 
show all stages of active multiplication and have a 
relatively dense and uniform blue-black colour. 
Structural patterns, of the kind demonstrated by 
special methods of staining‘ and, more recently, by 
the electron microscope’, are not seen, although in 
older bacteria characters of this kind can be observed. 
Bacteriophage infection is accompanied by cessation 
of division and, in certain cases, by the appearance 
and growth within the organism of areas of lesser 
density which presumably represent, or are associated 
with, the developing bacterial virus (see brush 
drawings). 

Bacteria infected with bacteriophages 71, 73 and 
T7 undergo only slight enlargement before they burst. 
The virus develops mainly in the centre of the organ- 
ism and displaces the bacterial cytoplasm into the 
extremities, where it gives the appearance of bipolar 
staining. This is but faintly seen in comparison 
with similar stages of infection with types 72, 74 
and 76. 
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Brush drawings to scale. Magnification 1,500. Each sector is a 
composite picture showing a representative collection of organisms. 
XN, normal Escherichia coli B. in the logarithmic phase of growth: 

1 to 77, £. coli B. infected with the bacteriophage indicated 


When lysis is about to occur, infected bacteria 
become globular in shape. After a period which may 
be very brief or may last 30 sec. or more, the globule 
abruptly disintegrates, leaving nothing to be seen 
but an occasional dark granule. Alternatively—and 
this is more common in infections with 73 and 7'7- 
the organism may burst and immediately disappear 
without any preceding change of shape. 

Bacteria infected with bacteriophages 7'2, 74 and 
T6 resemble each other closely. There is considerable 
enlargement of the organism, and, when fully 
developed, the differentiation between bacterial cyto. 
plasm and virus is well marked. In most cases the 
bacterial substance is forced into the poles, and the 
middle of the organism is occupied by virus. In 
others it may assume a central position, either as a 
single oval mass or as a series of well-defined granules 
surrounded by less dense virus. The bacterial cyto 
plasm, whether in the extremities or in the centre, 
has, just before the bursting stage, a clean-cut edge 
and is clearly differentiated from the developing 
virus. 

Rupture in these three types is initiated by a rapid 
globular swelling which usually starts at one 
extremity of the bacillus. As the organism swells, the 
density decreases, and, when rupture occurs, the 
contents are almost immediately lost to sight. No 
persistent globular form has been observed and the 
process of lysis is completed within 2 sec. 

The changes produced by bacteriophage 7'5 differ 
from those caused by the others. The infected 
organism increases in size but without obvious change 
in its internal structure. The enlargement may be 
uniform, but usually the girth is increased to a greater 
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extent than the length. In somé, one end is rounded 
and the other pointed, giving a pear shape, while 
thers are oval. Two types of burst have been 
bserved similar to those in 71, 73 and 77. The 
globular form may persist for several minutes before 
jisintegrating. 

Apart from their academic interest, these findings 
have an important bearing on a recently postulated 
theory concerning bacteriophage development*’, 
which is based on electron photomicrographs of 
preparations of E. coli B infected with bacteriophages 
2 and 73. It has been suggested that these bacterio- 
phages produce almost immediate lysis in the cells 
they attack and that, afterwards, bacteriophage 
multiplication takes place at the expense of the 
extruded bacterial protoplasm. This theory has been 
challenged by another worker using the same medium 
f approach to the problem’. Both theory and 
challenge are open to the criticism that the appear- 
ances on which the conclusions were founded may 
not have occurred naturally, but may have resulted 
from the trauma to which the infected bacteria were 
subjected during preparation for examination by th« 
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electri m micré scope. 

No such objection can be raised to the evidence 
afforded by examination with the phase-contrast 
The individual bacteriophage particles 
cannot, of course, seen, but the progressive 
‘changes, which can followed in bacteria which 
afterwards burst, leave little cause for doubt that 
bacteriophage, like other viruses, develops inside the 
host cell. 

I have to thank Mr. B. Jobling for making the 
brush drawings and for confirming, in the course of 
work, the which I have made 
regarding the ‘bursts’. 
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J. S. K. Boyp 
Wellcome Laboratories of Tropical Medicine, 
183-193 Euston Road, 
London, N.W.1. 


July 20. 
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Reaction of Esterases with Radioactive 
Di-isopropy! Fluorophosphonate 


It has been suggested'»*, on the basis of kinetic 
measurements, that the fluorophosphonates inhibit 
esterases by virtue of a highly specific affinity for 
the active centres of this group of enzymes. Prelim- 
inary experiments with di-isopropyl fluorophos- 
phonate containing phosphorus-32 have given results 
which are in accordance with this view. 

The enzymes used were cholinesterase, prepared 
from horse serum by the first five stages of Strelitz’s 
procedure’, and horse liver esterase, prepared by an 
unpublished method due to Mrs. Jane Burch. The 
purified cholinesterase had an activity per mgm. 
nitrogen which, although five hundred times that of 
the original serum, was 10 per cent of that of Strelitz’s 
best preparation ; but electrophoresis results obtained 
by Mrs. Burch with the liver esterase suggest that 
this might have had a purity of about 80 per cent. 
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Parallel experiments were carried out with twice- 
crystallized ovalbumin, and with an aged, dialysed 
specimen of horse serum with negligible esterase 
activity. 

The reactions were carried out in each case with 
a 0-1 per cent protein solution in phosphate buffer 
(pH 6-8), to which the radioactive fluorophosphonate 
was added as a concentrated solution in dry ethanol. 
At the end of the reaction time, the product was 
dialysed for 20 hr. against running tap-water, and 
precipitated at 0° C. by addition of two volumes of 
acetone. The precipitate was spun off and washed 
at — 5° C. with large volumes of 98 per cent ethanol, 
absolute ethanol and ether, and dried in air or over 
sulphuric acid. Samples of 25-50 mgm. dry powder 
were used for radioactivity determinations, and com- 
pared with a standard prepared by hydrolysing a 
weighed amount (c. | mgm.) of the fluorophosphonate 
in N sodium hydroxide, neutralizing and drying. 


Final molarity Time of Radiophosphorus 
Protein of active reaction (gm. atoms) fixed 
fluorophosphonate at 18°C. per10*gm. protein 
Horse serum 
cholinesterase 2 10-* 30 min. 0°5 
Aged dialysed 
horse serum 2x 10° 30 min. 00 
Ovalbumin 2x 10 30 min. 0-0 
Horse liver 
esterase 10-* 2 hr. 0-8 
Heat-treated 
liver esterase 10~* 2 hr. 0-0 
Aged dialysed 
horse serum 10o~* 2 hr. 0-0 
Ovalbumin 10-* 2 hr. 0-0 


The reaction conditions with cholinesterase and the 
esterase were in each case sufficient to produce a 
reduction in enzyme activity greater than 98 per cent. 

No reaction occurred with the esterase which had 
been previously denatured by maintaining at 85° C. 
for 10 min. There was no loss of radioactivity by 
denaturation of esterase which had been treated 
with radioactive fluorophosphonate under these con- 
ditions, nor by prolonged extraction of the dry treated 
enzyme with organic solvents at 0° C. 

Stoichiometric deductions from these results are 
difficult, owing to the inhomogeneity of the enzyme 
preparations; but if the figure of 80 per cent, 
quoted above, for the purity of the esterase is used, 
the results show that 1 gm. molecule of the fluoro- 
phosphonate combines with 96,000 gm. esterase 
under conditions which produce complete inactiva- 
tion. This low figure is consistent with the value 
obtained by Jansen, Nutting and Balls‘ for crystalline 
chymotrypsin. 

Further work is in progress to determine the 
nature of the reaction and of the reacting groups on 
the enzymes. 

We would like to thank Dr. M. Dixon, who first 
suggested this problem, for his interest in, and 
encouragement of, the work. Also our thanks are 
due to Dr. B. C. Saunders and Mr. T. 8S. Worthy* 
for gifts of radioactive fluorophosphonate, and to 
Dr. R. Porter for a sample of crystalline ovalbumin. 

J. C. BOURSNELL 
2. C. WEBB 
Biochemical Laboratory, 
University of Cambridge. 
Oct. 8. , 


' Mackworth, J. F., and Webb, E. C., Biochem. J., 42, 91 (1948). 
* Webb, E. C., Biochemical Society Symposia No. 2, 50 (1948). 
* Strelitz, F., Biochem. J., 38, 86 (1944). 
* Jansen, E. F., Nutting, M. D. Fellows and 
Chem., 179, 201 (1949). 
Saunders, B. C., and Worthy, T. S., Nature, 163, 797 (1949). 
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Retinal Oxygen Supply and Macular 
Pigmentation 


THERE is little doubt that the macular and foveal 
region of the human retina is lacking in blood vessels 
detectable by histological means'. By subjective 
observation of the red corpuscles in blue light, Weale? 
has recently confirmed Gescher’s estimate of 1° 30” 
for the visual angle within which the vessels of the 
central artery of the retina are absent. We have 
been unable to find any evidence that capillaries 
enter the foveal region from the choroidal vessels, 
and so it seems thet in the absence of an oxygen 
supply directly from the blood, this region would 
tend to exhibit a relative anoxia. Hence, if the 
oxygen tension in the blood is reduced, a disturb- 
ance of central rather than peripheral vision is to be 
expected. In fact, experiment shows precisely the 
opposite effect, namely, a sparing of the central area 
and loss of function at the periphery under conditions 
of lack of oxygen*-. 

This unexpected result may be explained by 
assuming either (a) that the central retinal sense cells 
do not have major oxygen requirements, or, (b) that 
they are supplied by a secondary oxygen-carrying 
system. The first possibility is unlikely in view of 
the oxygen needs of the rest of the retina, and it 
would seem more probable that the central retina 
obtains its oxygen at the required tension by the 
intervention of @ secondary process. 

It is suggested that the function of the yellow 
macular pigment is associated with such a secondary 
oxygen-carrying system. Although Polyak* has 
thrown some doubt on the presence of this pigment 
at the centre of the central fovea, the balance of 
evidence is in favour of pigmentation of the living 
foveal and macular region. The extent of retina in 
which the pigment is found in significant concentra- 
tion is roughly co-extensive with the area lacking in 
blood supply, and Duke-Elder* gives instructions for 
its demonstration in vivo. Such a pigment, absorbing 
much of the incident blue light, would account well 
for the blue insensitivity and tritanopia of the fovea’-*. 

It is curious that a yellow pigment, causing a heavy 
absorption of blue light, should be present in a 
retinal region which is, in every way, so highly 
developed (visual acuity, for example). Such a dis- 
advantage might be compensated, however, if the 
pigment had the important function of supplying 
oxygen to the sense cells of the central retina. 

Wald® has recently estimated the density of the 
macular pigment in vivo by comparison of the peri- 
pheral and foveal photopic sensitivities. He has also 
extracted from human macule a yellow pigment 
which he states is a hydroxy-carotenoid or xantho- 
phyll—‘‘in all probability lutein or leaf xanthophyll 
itself”. Thus it is interesting to recall Baly’s sugges- 
tion'® that the function of carotene in green leaves 
is that of reducing chlorophyll-B to chlorophyll-A, 
the carotene being oxidized at the same time to 
xanthophyll. By this means the chlorophyll cycle 
is maintained in accordance with the following 
scheme : 


CssH,,0,N Mg,CO,H,0 hy 
chlorophyll-A, hydrated 
CO, complex 
_ —» CssHwO.N,Mg,H,O + 
chlorophyll-B 


CHOH* 
activated form- 
aldehyde, poly- 
merizing to 
hexoses. 


CysHr0O.N.Mg,H,O + CyoHss ([—> CysHr:0,N.Mg + '§ CooHsc0, 
chlorophyll-B carotene chlorophyll-A xanthophyll 
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Baly’s suggestion prompts the speculation that , 
similar xanthophyll—carotene oxidation-reaction gys. 
tem might exist in the macula. Xanthophyll ang 
carotene have very similar absorption spectra, and 
the absorption curve of Wald’s macular extract could 
apply as well to one as to the other. Unfortunately 
for this suggestion, no simple oxidation will conver 
carotene to xanthophyll; nor, conversely, will any 
simple reduction reverse the process. It would thys 
appear that a xanthophyll-carotene system would 
scarcely be sufficiently labile by itself to serve as an 
oxygen-carrying mechanism for the central retina, 

Although Wald’s visual estimate of the macular 
absorption agrees approximately with the absorption 
spectrum of his extracts in the blue, there is, however, 
a discrepancy in the region of 550 mu. This dig. 
crepancy may, of course, arise from differences of 
receptor response within the two retinal regions (foveal 
and peripheral). It is significant, however, that the 
cytochromes have absorption maxima in this region, 
besides possessing maxima in the blue at similar 
positions to the carotenoid spectrum!!. 

Since the cytochromes form a class of widely 
distributed biological oxidation mechanisms, and, 
moreover, in the reduced form, have a combined 
absorption similar to that of Wald’s visual estimate, 
it is possible that these substances may be present 
in the macula, and, in conjunction with xanthophyll, 
provide the oxygen supply to this retinal region. 
Other mechanisms" cannot, however, be excluded 
from consideration. 

H. J. A. DARTNALL 
L. C. THomMsoNn 
Vision Research Unit, 
Institute of Ophthalmology, 
Judd Street, 
London. 
June 30. 
* Duke-Elder, Sir Stewart, ‘““Text Book of Ophthalmology” (London 
Henry Kimpton). 
* Weale, R. A., personal communication. 
* Livingstone, P. C., Lancet, ii, 33 and 67 (1944). 
“a, 5. N., avd Macfarland, R. A., Amer. J. Ophthal., 21, #8 
* Polyak, 8. L., “The Retina’ (Univ. Chicago Press, 1941). 
* Duke-Elder, Sir Stewart, “Text Book of Ophthalmology”, p. 91) 
? Willmer, E. N., and Wright, W. D., Nature, 156, 119 (1945) 
* Thomson, L. C., and Wright, W. D., J. Physiol., 105, 316 (1947 
* Wald, G., Science, 101, 635 (1945). 
” Baly, E. C. C., Proc. Roy. Soc., B, 117, 218 (1935). 
‘ Keilin, D., and Hartree, E. F., Proc. Roy. Soc., B, 127, 167 (1939 
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Existence of L-Forms in Common Bacteria 
and their Possible Importance 


IN a previous communication?, we have described 
the morphological and cytological modifications 0 
staphylococci after treatment with penicillin. Sine 
then, we have investigated the effect of this anti- 
biotic on various bacteria: E. coli, B. anthracis, and 
Salmonella, Proteus, Pasteurella spp. All our 
observations show that penicillin reduces considerab y 
or completely inhibits the cytoplasmic divisions, 
whereas the nuclear divisions take place at a normal 
rhythm, at least during a certain length of time. 
This leads to the appearance of giant forms (‘large 
bodies’) containing numerous normal or abnormal 
nuclei. The results are extremely clear in bacilli, and 
the details have been described elsewhere’. 

In the course of investigations of these kind, we 
have been able to observe in cultures of Proteus 
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On that qa Mpulgaris (P.18 of our collection) on nutrient agar 
Ction sys. Mi plates containing horse serum and a high concentra- 
Phyll and Mion of penicillin, the appearance of microcolonies 
ctra, and M which may be easily identified, owing to their very 





special characteristics, as colonies of the type L. 
These microcolonies are derived from special large 
bodies (which, unlike most of the others, have not 
been lysed) containing numerous desoxyribonucleic 
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Ould thus @ygranulations, each of them having the dimensions 
™M would Mof a normal Proteus ‘nucleus’. Ultramicroscopical 
r've as an @ observations and, in particular, histochemical study of 
retina, the colonies after fixation in situ with Bouin’s liquid, 
| macular MM ribonuclease and desoxyribonuclease treatment* and 
bsorption f coloration with Giemsa, show that pleuropneumonia- 
however, M \ike organisms which constitute them are desoxy- 
This dis. M ribonucleic granulations (isolated or clustered in 
rences of Munmembraned, round, plastic, ribonucleic masses) 
ns (fovea! HM having the aspect and the dimensions of a normal 
that the J Proteus ‘nucleus’ (about 0-2-0-3u). Such bodies 
iS region, MJ derived from Proteus are different from the bacterium 
t similar @ itself not only by their dimensions, but also by their 
‘ high penicillin resistance and their great biochemical 
f widely HM need. Serial transfers of microcolonies have been 
ns, and, @ carried out by streaking on a penicillined serum agar 
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medium a square of agar containing them or by 
incorporation into the new medium of a washing of 









| present MH the colonies with serum broth. In the case of a 

hophyll, @ transfer to a medium without penicillin, quite normal 

region. Proteus cells soon appear, each of which seems to 

xcludel @ originate from one of the pleuropneumonia-like 
bodies. 










































TNALL Hence a bacterium as common as Proteus gives, 
N under the action of penicillin, dwarf, submicro- 
scopical, ‘filtrable’ forms with possible reversion from 
the dwarf to the normal form (see diagram). 
(Lond 
-» 21, & 
»P 
>») 
(1947 bh 
7 (1939 \ 
ib. Univ 
ee ~<_—_ 
eeer 
ee 
teria 
A, Normal Proteus cells, resting phase; B, normal Proteus cells, 
lag phase; C, swarming filament; D, large body in lysis; 
scribe BE, large body with desoxyribonucleical granulations ; 
ons F, pleuropneumonia-like body (desoxyribonucleical granulations) 
Sin , , ° 
on Observations concerning such transformations from 
| di . . . . 
ey bacteria to pleuropneumonia-like bodies are not 
&, ant ° ° ° 
; i exceptional ; probably, in the near future, they will 
eal become very common. Klieneberger-Nobel observed 
ee some years ago the production of such bodies in 
1IS1ONS, Cy bs . ope ° . 
aie Streptobacillus moniliformis cultures. Also Dienes has 
) 1 . . 
dine shown that they appear in cultures of Bacteroides spp., 
(‘large spontaneously or under penicillin action, with possible 
mel reversion in the normal form‘. He has demonstrated 






them in some Gram-negative and some Gram- 
positive sporulated bacteria seeded on a medium 
containing penicillin. The same author has recently 
cultivated L-type colonies from typhoid bacilli 
exposed to immune serum and complement®. Our 
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observations show that they can also be obtained 
from Pasteurella pestis (E.V.) and Salmonella enteri- 
didis (K.64) in certain circumstances. Thus it seems 
to be clear that the appearance of such submicro- 
scopical forms is a general phenomenon which is 
able to intervene more or less easily every time a 
bacterium is able to produce large bodies spon- 
taneously or after appropriate injurious action. 

We are of opinion that these submicroscopical 
forms of bacteria may be considered as normal 
resistance forms which the micro-organisms adopt 
against various noxious agents. They are selected 
by those agents but not produced by them. They are 
formed by bacteria which are nearly reduced to 
nuclei (we are carrying out chemical analysis which 
will elucidate this point). 

The existence of such submicroscopical, filtrable 
forms of bacteria may have great importance for the 
pathology of infection. It is probable that they can 
be selected under various influences or appear 
spontaneously ‘in vivo’, and it is quite possible that 
their pathological potentialities are different from 
those of corresponding visible forms. Indeed, it may 
be that the whole problem of the ‘filtrable forms’ of 
bacteria (especially those of Mycobacterium tuber- 
culosis and of Treponema pallidum) should be entirely 
re-investigated. This may well lead to the solution 
of some outstanding general problems of pathology 
and epidemiology. 

ROBERT TULASNE 
Laboratoire de Biologie Bacterienne du C.N.R.S., 
and 
Institut de bactériologie de la Faculté de Médecine, 
3 Rue Koeberlé, 
Strasbourg. 
May 31. 


* Tulasne, R., and Vendrely, R., Nature, 161, 316 (1948). 

* Tulasne, R., Vendrely, R., and Minck, R., C.R. Soc. Biol., 142, 237 
(1948). Tulasne, R., C.R. Soe. Biol., 143, 286 and 289 (1949). 

* Tulasne, R., and Vendrely, R., Nature, 160, 225 (1947). 

* Dienes, /. Bact., 56, 445 (1948). 

* Dienes, personal communication and Proc. 49th General Meeting 

Soc. of Amer. Bacteriologists, 1949 (in the press). 


Pneumatocyst of the Physophores 


It has always been supposed that the pneumatocyst 
of the Physophores is closed ; but to-day I was able 
to observe the escape of the air-bubble from the air- 
cavity of a young Stephanomia bijuga, about 5 mm. 
in length. It had been placed in 50/50 magnesium 
chloride (7 per cent) and sea water to relax it; and 
the escape of the air-bubble took place some twenty 
minutes later. Twenty minutes after return to sea 
water, the air-cavity was 60 per cent full of air 
again. 

At the time of expulsion I was examining the 
nectosac with a high-power objective, and the 
pneumatocyst was not in the field; so that I only 
observed the specimen heel over and sink quite 
suddenly. On examination, the pneumatocyst was 
found to have collapsed, and there was only a small 
bubble left at its base. 

A grant from the Royal Society enabled me to 
make a study of living Mediterranean Siphonophores. 

A. Knyvetr ToTTon 


Station Zoologique, 
Villefranche-s- Mer, 
Alpes Maritimes, 
France. 

June 14. 
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Nucleolus and “‘Nucleolus Associated 
Chromatin” Acid Phosphatase 
Reaction 


THE staining of nucleoli of liver and nervous 
tissue cells fixed in acetone and 80 per cent alcohol 
by Gomori’s acid phosphatase technique has been 
reported’**; a negative reaction was noted by 
another investigator‘. In a study of the phosphatase 
reactions of smears of human bone marrow cells fixed 
in formol vapour‘, it was reported that nucleoli did 
not stain after the acid phosphatase method, being 
surrounded by a chromatin ring strongly reminiscent 
of the “nucleolus associated chromatin’? of Swedish 
workers*. This problem has been further investigated 
with animal material. 

Brain, liver, spleen and bone marrow imprints and 
smears from ten guinea pigs were dried in air, fixed 
in formol vapour at 44° for 5 min., washed for 15 min. 
in tap water and incubated for 7—24 hr. in an « + 6 
sodium glycerophosphate-—lead nitrate—acetate buffer 
mixture (pH 4-0-4-2), as previously described”. 
Control slides were incubated in media containing 
M/200 sodium fluoride. Preparations fixed while 
still moist led to inferior results. Feulgen and methy]- 
green pyronin preparations were also made. 

In all the guinea pig material, nucleoli did not 
stain after the acid phosphatase technique, even with 
prolonged incubation periods (24 hr.). The “‘nucleolus 
associated chromatin” always stained, assuming 
different patterns according to the tissue. The acid 
phosphatase pictures strongly resembled the Feulgen 
ones. 

In brain smears (Fig. 1), the “nucleolus associated 
chromatin” was represented by distinctly limited, 
homogeneously stained semilunar blocks, generally 
two for each nucleolus, less frequently one; when 
only one was present, it tended to encircle the negative 
nucleolus. In liver cell nuclei (Fig. 2), two to five 
unstained nucleoli were surrounded by a generally 
uninterrupted chromatin ring, frequently presenting 
one or two small blocks appended to it. 


tg ad 


Fig. 1. Brain smear; acid phosphatase x 1,150 
Pig. 2. Liver imprint ; acid phosphatase x 1,500 


In the immature cells of bone marrow and spleen, 
the “nucleolus associated chromatin” appeared as 
an uninterrupted ring, generally without block 
pattern. As cells matured, triangular or rounded 
blocks were appended to the ring, which became 
broader. 

Cat and rat material presented parallel pictures. 
With material from lower vertebrates and invertebrates 
so far studied, no conclusive results were obtained. It 
is interesting to note that nucleoli have been reported 
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to react positively to the alkaline phosphatase 
technique (refs. 1, 3, 4, 5, 9, 10, etc.). 
M. Rasrnovrrey 
Department of Histology and Embryology, 
Faculdade de Medicina, 
Sa&o Paulo, Brazil. 
June 21. 


* Wachstein, M., Arch. Path., 40, 57 (1945). 

* Bartelmez, G. W., and Bensley, S. H., Science, 106, 639 (1947) 

* Sulkin, N. M., and Gardner, J. H., Anat. Rec., 100, 143 (1948 

*Cammermeyer, J., J. Comp. Neurol., 90, 121 (1949). 

* Rabinovitch, M., and Andreucci, D., Blood, 4, 580 (1948 

* Casperason, T., Symp. Soc. Exp. Biol., 1, 127 (1947). 

* Rabinovitch, M., Junqueira, L. C. U., and Mendes, F. 
107, 322 (1948). 

* Rabinovitch, M., Junqueira, L. C. U 
Technol. (in the press). 

* Wilmer, E. N., J. Exp. Biol., 19, 11 (1942). 

Fell, L. H. B., and Danielli, J. F., Brit. J. Exp. Path., 24, 19 
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Midgut Epithelial Regeneration as a Means 
of Studying Insect Digestion 


THE small size of insects does not permit the study 
of their digestive processes by the classical methods 
of mammalian physiology ; the production of fistule, 
the study of changes in blood constituents, and the 
effects of nervous stimulation, for example, have not 
been successfully exploited with insects. Advances 
have, in fact, been almost entirely dependent upon 
the applications of normal histological techniques 
and these are inadequate for many purposes. 

In an attempt to elucidate some problems connected 
with the initiation of secretory activity of the insect 
midgut epithelium, it became important to study 
the number of mitoses occurring in the regenerative 
cells. This is very difficult from sections, although 
Hodge! has reported differences in the rate of midgut 
epithelial regeneration in grasshoppers as a result 
of changes in diet. It has been found a comparatively 
easy matter to make counts of mitoses in midgut 
smears of several orders of insects. The most satis- 
factory insects examined were those adult Coleoptera 
in which the regenerative cells are located in crypts 
which project into the hemoccele, for example, 
in T'enebrio molitor L., where there are about three 
thousand of these crypts per midgut. The midgut 
of the insect is removed, and placed in a solution of 
acetic orcein for 15 min. It is transferred to a slide, 
and small sections of the epithelium are cut off and 
covered with small coverslips. The preparations are 
then squeezed under a blotter and the crypts exam- 
ined under an oil immersion lens. For most purposes 
the number of mitoses per crypt in three groups of 
ten crypts provides figures suitable for statistical 
analysis. 

In a normal feeding adult of 7’. molitor, there is 
an average of four to five mitoses per crypt. The 
effects of starvation and feeding on the midgut 
epithelial replacement rate in 7. molitor are illus- 
trated in the accompanying table. Starvation for 
two days reduces the number of mitoses per crypt, and 
feeding for 30 min. temporarily increases it. 


Mitoses in midgut crypts of 7. molitor 


Controls, 
normal fed 





0 hr. | + hr. 


2 hr. 
4-6 29 | 34 2-1 











————— 





Difference significant at 5 per cent level is 0°54. 
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The method has also been used with Blattella 
grmanica L., in which the midgut epithelium is 
columnar and the regenerative cells are disposed 
in nidi against the muscularis. In Blattella there are 
about 300,000 epithelial cells and about 40,000 nidi 
in the midgut, excluding the ceca. In Blattella fed a 
normal diet, there are about five mitoses per twenty- 
sve nidi. Starvation for forty-eight hours reduces 
the number to about 2-6; but within two hours after 
feeding the number is back to normal. It does not 
rise above normal, proving that secretion does not 
change from merocrine to holocrine after periods 
ff starvation, as was claimed by Shinoda*. 

The experiments reported here comprise part of a 
study on digestion in insects which will shortly be 
published in the Australian Journal of Scientific 
Research, Biological Series. 

M. F. Day 


Commonwealth Scientific and Industrial 
Research Organisation, 
Canberra. 
June 10. 


Hodge, C.. Biol. Bull., 72, 203 (1937). 
‘Shinoda, O., Z. Zellforech., 5, 278 (1927). 


Correlation Between Growth and 
Development 


INDEPENDENCE of growth and development is one 
f the.fundamental postulates of Lysenko’s theory 
f phasic development?. Evidence has, however, 
accumulated to demonstrate that under optimum 
conditions of nutrition the rate and the magnitude 
of the different components of growth are influenced 
by the developmental process of a plant. It has been 
shown, for example, that ‘obligatory minimal growth” 
must precede flower formation*:*:*. The same workers 
have also shown that the carbon—nitrogen ratio is not 
the causal factor for the onset of flowering even under 
diverse nitrogen supply. Purvis* observed in the 
case of winter and summer rye that “stem growth is 
in some way correlated with flowering’. Kuleshov® 
has worked out correlations between number of 
leaves, height, and duration of the vegetative phase 
from a world collection of maize varieties. In the 
ase of soybeans a close physiological connexion 
and correlation exist between the phenomena of 
growth and development*®. Direct correlations also 
exist between the length of different phases and cer- 
tain plant characteristics and processes, such as 
winter hardiness, drought resistance, enzymic com- 
plex, assimilatory rate, and others'’:*,®, 

Investigations on growth and development of 
wheat which I have carried out during the course of 


ithe last seven years at the Indian Agricultural 


Research Institute, New Delhi, have also revealed 


i a very close correlation between growth and develop- 


ment'*, Growth analysis of 260 Indian and exotic 
wheat varieties was done during this period. As 


| these results have revealed interesting correlations 
| with flowering, a brief mention of some of the salient 


features is made here. 
Values for tiller production, height and leaf and 


| stem dry weights for eight flowering classes A to H 
| have been derived by taking the mean of correspond- 


ing values for all varieties falling within a class. 
The vegetative period of classes A to H ranged from 
9% to 179 days with a class interval of 10 days. The 


|» curves for tiller production (upper left-hand diagram) 





all show the characteristic rapid rise reaching a 
maximum followed by a rapid fall to a very low level. 
The time of flowering (anthesis) for each of the eight 
classes A to H is shown on the graph by an arrow. 
The longer the vegetative period the greater is the 
number of tillers produced. The attainment of the 
maximum is also progressively delayed with lateness 
in flowering. Thus, for example, in varieties belonging 
to class A maximum tillering is attained after 65 days, 
while in varieties belonging to class H it is attained 
after 133 days. It has been observed that maximum 
tillering is attained a few days after the attainment 
of the condition of ‘ripeness to flower’ by the plant. 
The primordia of these tillers are, however, laid just 
before this stage. It is therefore evident that tiller 
production is correlated with flowering. 
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The corresponding curves for leaf dry weights 
(lower left-hand graph) for the eight flowering classes 
have also been derived by taking the mean values 
of leaf dry weights for all the varieties falling within 
each class. The general trend of the result is the same 
as in the case of tillering. The dry weight of leaf 
increases progressively with the lateness of a variety. 
The period between the date of sowing and the date 
of the attainment of maximum gradually lengthens 
with lateness in flowering. There is a steep fall in 
leaf dry weight of late varieties on account of the 
dying off of the tillers. The fall is not so great in 
early varieties as there are fewer tillers, and a 
greater proportion of them form ears, as shown by 
the ear-tiller ratio’®. The leaf dry weight includes the 
weight of the leaf sheaths as well as leaf lamina, and 
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therefore there is very close parallelism between tiller 
production and leaf dry weight. 

Height and stem dry-weight data have also been 
graphically presented for the eight flowering classes 
and show quite distinctive features as compared to 
tiller number and leaf dry weight. ‘Actual’ stems 
have been dissected out from each tiller of a sample 
and weighed exclusive of leaf sheaths, which have 
been considered as parts of leaves. It appears that 
differences in final heights of varieties belonging to 
different flowering classes are not so great as exhibited 
by tiller number or leaf dry weight. The same is 
true for stem dry weight. Stem elongation appears 
to be determined by the developmental process and 
is correlated with spike growth. When periodic data 
for height are considered, it is found that stem growth 
starts earlier in early varieties, and the period for 
which the curves remain flat increases progressively 
with the lateness of flowering in a variety. Flatness 
of curves is very much in evidence in the case of 
stem dry weights. Apparently no stem growth takes 
place as long as the growing point in wheat remains 
in @ vegetative condition. Stem growth is initiated 
after the growing point has changed from the vegeta- 
tive state to the reproductive state. In the case of 
height data the slight upward trend of the flat 
portions of different curves is due to the elongation of 
leaf sheaths and not due to stem growth. Actual elonga- 
tion of internodes in varieties of the earliest flowering 
class (A) begins 40 days after sowing, and it is pro- 
gressively delayed with lateness in flowering. Thus 
stem growth is initiated 120 days after sowing in 
very late varieties of the class H. It is, however, 
worthy of note that the growth-rate of ‘actual’ stem 
is more dependent upon temperature and other 
environmental factors rather than on the time of 
flowering. This becomes evident from the steeper 
slopes of curves for flowering classes G and H. In 
the case of these two flowering classes it is most prob- 
ably due to the relatively high temperatures in the 
later part of the season, when stem growth takes 
place, that the rate is higher. 

So far as I am aware, this is the first time that 
growth analysis of a very large number of genotypes 
of wheat, differing widely in their time of flowering 
and growth pattern, has been attempted and correla- 
tions established. The mass of data which has been 
collected is being analysed and will be dealt with fully 
in subsequent communications elsewhere. However, 
it will not be out of place to mention here that these 
correlations have been further confirmed by giving 
photoperiodic and vernalization treatments to a 
number of wheat varieties belonging to different 
flowering classes. A study of these correlations is 
likely to throw some new light on the problem of 
inheritance of growth and development. 


J. J. Curnoy 
Botany Department, 
University of Delhi, 
Delhi. 
April 10. 


' Whyte, R. O., Biol. Rev., 14, 51 (1939). 

* Gregory, F. G., “Sixth International Bot. Congress’’, 2, 18 (1935). 
* Purvis, O. N., Ann. Bot., 48, 919 (1934). 

* Purvis, O. N., and Gregory, F. G., Ann. Bot., N.S., 1, 569 (1937) 

* Kuleshov, N. N., J. Amer. Soc. Agron., 25, 688 (1933). 

* Whyte, R. O., Herb. Abst. (No. 4 suppl.), 52 (1942). 

’ Chinoy, J. J., Curr. Sci., 11, 400 (1942). 

*Chinoy, J. J., Indian Farming, 8, 72 (1947). 

* Dastur, R. H., and Chinoy, J. J., Indian J. Agri. Sei., 2, 431 (1932). 
” Chinoy, J. J., Nature, 159, 442 (1947). 


Lime Disease in the Gold Coast 


A DISEASE of seedling lime trees in the Cape Coay 
district, Gold Coast Colony, is threatening to destroy 
the industry. Research has revealed the cays 
of the malady to be a virus existing in at leag 
two strains. In the first of these, symptoms include 
a one-sided death of the tree coupled with veing) 
fleckings on the young leaves and severe pitting of 
the trunks and branches. In the other, conspicuoys 
dwarfing together with the usual veinal symptoms 
and subsequent death occur. Most sweet citrg 
and rough lemon appear to be symptomless carriers 
of the virus. 

It has been found, however, that limes budded 
on rough lemon do well where seedling limes die, 
and rehabilitation of the industry is proceeding along 
these lines, together with a search for resistant 
trees. 

Vector experiments made with Aphis Taveresi (Del 
Guercio) after the work of Meneghini! with T'ristes 
indicated that this is the vector. The aphids wer 
collected from rough lemon seedlings in the field and 
ted on lime seedlings experimentally infested with 
the virus disease for periods varying from five 
minutes to twenty-four hours. In one experiment, 
test plants enclosed in cages* and ‘bombarded’ with 
these aphids developed leaf symptoms, whereas 
controls kept free of insects remained free of such 
symptoms, and further experiments are in hand to 
confirm this result. 

Thanks are expressed to the director and staff of 
the West African Cacao Research Institute, Tafo, 
for help and advice on the insect work. 


W. A. Hucues 
C. A. LISTER 
Department of Agriculture, 
Accra. 
June 23. 


*Meneghini, M. Biol. Abs., 21, 8, 20758 (1947). 
* Hamilton, Marion A., Ann. App. Biol., 37, 487 (1930). 


AEcidia of Barley Dwarf Rust 


In April 1948, Dr. R. W. G. Dennis wrote to me 
announcing the discovery at Inwood Copse, near Ham 
Spray, and growing naturally, of an «xcidial stage 
on Ornithogalum pyrenaicum 1.., which he proved to 
belong to Puccinia hordei Otth. (= P. anomala 
Rost.)'. This was of great interest to me, not only 
because it was the first record of the «cidial stage 
of this rust in England, where I carried out, in 1934 
and 1937, a detailed survey in search of it in the 
fields around Cambridge, but also because although 
this species has been named as a host for the gameto- 
phytic stage of this rust*, I was unable to infect it 
during exhaustive attempts carried out years ago 
in Portugal*. 

Two hypotheses were then possible: (a) that the 
ecidia found in England belonged to a physiological 
race of Puccinia hordei different from those tested 
before ; or (b) the plants of Ornithogalum pyrenaicum, 
where the spermogonia and xcidia had been found, 
belonged to a different strain congenial to this rust. 
In order to examine these two hypotheses, material 
was obtained through the kindness of Dr. Dennis, 4 
uredosporic culture established from the original 
zecidia and maintained by Prof. F. T. Brooks ; later 
on, Dr. Dennis sent also some bulbs of O. pyrenaicum 
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fom the colony in Inwood Copse. From this culture 
#leutosporic material was obtained, under controlled 
onditions, during the summer of 1948, and this was 
sted on various strains of O. pyrenaicum, as well 
ys on other species of Ornithogalum in our own 
ollection. Teleutosporic material was also collected 
fom other sources, for parallel tests on the same 
hosts, and particularly on different collections of 
) pyre naicum.,. 

Inoculation experiments were carried out from 
December 1948 until May this year. It was found 
that three strains of O. pyrenaicum L., one from Dr. 
Dennis, a Dutch one, and another from Coimbra 
Portugal), were readily infected by the sporidia of 
the teleutosporic material obtained from Prof. 
Brooks’s culture, as well as from the other sources 
ysed. On the other hand, it was found that a Port- 
wuese strain of the same species of Ornithogalum 
from Minho) was immune to all the cultures. Similar 
results were obtained with other species. Thus, all 
the strains tested but one from each of the species, 
0. narbonense L. and O. umbellatum L., were con- 
genial to P. hordei; the immune strain of the first 
species was collected at Parede (Portugal), and the 
immune strain of the second species was obtained 
from Valencia (Spain). Also a number of seedlings 
ff O. nutans L., inoculated in the same way, showed 
all the degrees of susceptibility to the gametophytic 
stage of the rust, from perfect congeniality to a very 
sharp necrotic hypersensitive reaction. 

Experiments carried out with collections of other 
species of Ornithogalum gave the following results : 
0. Boucheanum (Kth.) Asch., O. comosum L., O. 
oncinnum (Salis.) Rich., O. Kotschyanum Fenzl., 
0. libanoticum Boiss., O. montanum Tenore, O. nanum 
L., O. neglectum Perl., O. oligophyllum Clarke, O. 
Pater-familias Godr., O. scilloides Jacq., O. Skorpilii 
Vel., and O. unifolium Kern, all proved to be con- 
genial to Puccinia hordei Otth. O. arabicum L. 
jeveloped only the primordia of spermogonia, show- 
ing afterwards a necrotic reaction on the infected 
areas of the leaves, but was susceptible on the flowers, 
where large wcidial sori were formed. O. caudatum 
Aiton, O. graminifolium Thunb., and O. longe- 
bracteatum Jacq. were not infected at all on the leaves 
und stems, but infections with the production of 
ecidia were obtained on flowers. 

During these experiments, inoculations were also 
made on other Lilliacew, and Dipcadi serotinum (L.) 
Medic. proved to be congenial to the rust, leading to 
the production of abundant xcidia. The connexion 
of the #cidia experimentally obtained with teleuto- 
spores of Puccinia hordei (P. anomala) was, in every 
ease, confirmed by back inoculations to Spratt 
Archer barley. 

Since so many hosts proved to be congenial to 
this hetercecious rust, and since the influence of this 
stage on the survival of P. hordei from year to year is 
still controversial, as well as the importance of the 
gametophytic stage on the breeding of new physio- 
logical races, it seems that a detailed survey must be 
carried out throughout the world, wherever sus- 
ceptible species of Hordeum are grown; but chiefly 
in very dry countries where there is no possibility 
of the survival of the rust on odd plants or on any 
confined culture of barley in the mountains. 

I intend to follow up my studies on the ecidial 
stage of this rust, and shall be grateful to botanists 
who will kindly supply me with seeds, or preferably 
bulbs, of species of Ornithogalum or any related genus. 
I shall also appreciate teleutosporic material of P. 


hordei from cultivated barleys as well as from wild 
species of Hordeum. 
BRANQUINHO D’OLIVEIRA 
Estacéo Agronémica Nacional, 
Sacavem, Portugal. 
June 20. 

* Dennis, R. W. G., Nature, 162, 461 (1948). 

* Naumov, N. A., “The Rusts of Cereals in the U.S.8S.R.”"", 297 (1939). 
* d’Oliveira, B., Rev. Agron., 28, 205 (1940). 


Potato Tubers Freed from Leaf-roll 
Virus by Heat 


THE inactivation of viruses in living plant tissues 
by heat has been successfully applied to free sugar 
cane from sereh disease’, peach from four diseases* 
and periwinkle from aster yellows*. Attempts to cure 
virus-infected tubers by heat, however, have hitherto 
been unsuccessful‘, 

Since 1944, experiments on the conditions in which 
potato tubers survive storage at high temperatures 
showed that they can remain viable after consider- 
able periods at 37-40°C., provided the atmosphere 
is kept sufficiently moist. Preliminary tests also 
indicated that tubers could be freed from leaf-roll 
virus by storage under such conditions. This has 
been confirmed in 1949 by more extensive tests with 
tubers of the varieties Majestic and Arran Consul 
infected with both leaf-roll virus and potato virus X. 
The tubers were placed in an incubator kept at 37-5° C. 
and containing a flat open dish full of water; after 
various periods, tubers were removed from the incub- 
ator and stored under normal conditions until they 
sprouted, when they were planted in pots under 
glass. All the unheated tubers produced typical leaf- 
roll plants ; of those heated for periods of between 
ten and twenty days, some showed typical symptoms 
whereas others did not, and none of the tubers that 
survived twenty-five or more days heating produced 
leaf-roll plants. All the plants, however, still con- 
tained potato virus X. 

B. KaASSANIS 
Rothamsted Experimental Station, 
Harpenden, Herts. 
July 1. 
2 Wilbrink, G., Arch. Suikerind. Nederlandsch-Indie, 31, 1 (1923). 
* Kunkel, L. O., Phytopath., 26, 809 (1936). 
* Kunkel, L. O., Amer. J. Bot., 28, 761 (1941). 
« Blodgett, F. M., Phytopath., 18, 465 (1923). 


A Hemichordate from West Wales 


In recent years Hemichordates have been dis- 
covered in abundance only twice in British waters, 
although the Tornaria larva is not uncommon. 
Brambell and Cole’ described Saccoglossus cambrensis 
sp. nov., which was discovered in abundance in clean 
sand at two localities some twenty miles apart, near 
Bangor. More recently, Brambell and Goodhart? 
described S. horsti sp. nov., which was found in 
abundance in glutinous mud in the Solent. Other 
records of hemichordates in British waters are sum- 
marized by Brambell and Cole, where references to 
literature may also be found. 

In April 1949, while conducting a vacation course 
in marine biology at Dale Fort, Pembrokeshire (Field 
Study Centre of the Council for the Promotion of 
Field Studies), we found Saccoglossus in abundance 
in a small area of sand at low-water mark of equinoc- 
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tial spring tides. From an examination of living 
material, the animal was identified as S. cambrensis 
Brambell and Cole, only minor differences in colora- 
tion being apparent. Mr. Burdon Jones, who is 
working on the group, has seen preserved specimens 
and agrees with this identification. 

It is of great interest that S. cambrensis should be 
found at Dale Fort, thus supporting the view of 
Brambell and Cole that the species might prove to 
be widely distributed. At Dale Fort it occurs 
in an environment similar to that described by 
Brambell and Cole, with a few minor differences 
which are worthy of note. The beds are at and below 
chart datum and are inaccessible during many months 
of the year. Soil analysis of the surface two inches of 
sand from adjacent parts of the beach have indicated 
in general about 95 per cent of fine sand and only 
small quantities of silt, clay and organic matter. 
Whereas at Bangor the surface 8 in. were so con- 
stituted, at Dale, below two inches on the Saccoglossus 
ground, the sand was a dirty grey colour and prob- 
ably contained more organic matter. No analysis 
of this deeper sand has yet been made. 

At Dale, S. cambrensis occurs in association with 
Tellina fabula Gmelin, Chione striatula (da Costa), 
Ensis ensis (L.), Acrocnida brachiata Montagu, 
Echinocardium cordatum (Pennant) and Peachia 
hastata Gosse. On no occasion, however, did we find 
either Ammodytes tobianus or Arenicola marina in 
this area. 

A general account of the marine fauna in the 
vicinity of Dale Fort is being prepared by one of 
us (R. D. P.) and will be published elsewhere in due 
course. 

R. D. PurcHon 
G. T. JEFFERSON 
Department of Zoology, 
University College, 
Cardiff. June 20. 


' Brambell, F. W. Rogers, and Cole, H. A., Proc. Zool. Soe 
(B), 108, 211 (1939). 

* Brambell, F. W. Rogers, and Goodhart, C. B., J. Mar. Biol 
N.S., 25, 2, 283 (1941 


Non-Adaptive Characters 


In an address to Séction D at the Newcastle 
meeting of the British Association, Dr. E. B. Ford, 
if I understood him correctly, stated or inferred that 
he considered that all characters must possess 
selection value’. 

From the discussion that followed, moreover, it 
appears that he holds this belief not only in regard 
to animals but to plants also. In answer to questions 
he plainly rejected the possibility that, in the cases 
quoted (‘ringed’ character in guillemots, ‘spotted leaf’ 
character in such plants as Arum maculatum, and 
human blood groups) no adaptive character was 
involved. To him, apparently, however trivial char- 
acters may appear, they must have some adaptive 
value; evidence for this was, so far as one could 
gather, derived from experimental work on Drosophila. 

As there is no mention of this fundamental concept 
in the summary of his paper published on p. 62 of 
the Journal of the meeting, may I ask Dr. Ford if I 
have stated his views correctly and, if so, whether 
he would publish a concise account of the arguments 
which led him to arrive at these views ? 

H. GRAHAM CANNON 

University, Manchester 13. 

Oct. 12. 


In reply to Prof. Graham Cannon, I neither stateg 
at the British Association, nor have I ever held. 
that all characters must possess ‘selection value’. 
precisely the contrary, since I took some care to 
explain that the spread of non-adaptive characters, 
which certainly exist, cannot be responsible for 
evolution in wild populations. At the same time ] 
pointed out the danger of stating that any particular 
character is non-adaptive, since even a 1 per cent 
advantage can rarely be detectable by the mogt 
accurate experiments, though it is considerable from 
an evolutionary point of view. It is genes, not 
characters, that must very seldom be of neutra! 
survival value. That is by no means to say that they 
are never so, but, as stressed at the meeting, such 
genes cannot spread in a semi-isolated population 
so as to produce the ‘Sewall Wright effect’ unless jt 
be numerically very small, of well under a thousand 
individuals, and such populations are unlikely to be 
sufficiently permanent units. 

It chanced that, among many other forms, I only 
referred to Drosophila in relation to two points. The 
first was to mention that the chromosome inversions 
in wild populations of D. pseudo-obscura, often stressed 
as an example of non-adaptive evolution, have 
recently been proved to be controlled by selection 
The second was in reply to the question, “Can some 
of the trivial characters often used in taxonomy be 
regarded as non-adaptive ?”” My answer was that 
they may be, but that the genes controlling them are 
not likely to be so. This I illustrated with reference 
to Drosophila melanogaster merely because it is better 
known genetically than any other organism—animal 
or plant. That aspect of my answer was very relevant 
to Prof. Cannon’s query. It was this: Many of the 
known genes are recognized only by minute and 
trivial effects which (bearing in mind the uncertainty 
of the statement) we may quite reasonably think 
non-adaptive (for example, the presence or absence 
of a bristle), yet every one of these genes has a 
detectable influence on the viability of the organism. 

F. B. Forp 

University Museum, 

Oxford. 


Torque and Angular Momentum of Centi- 
metre Electromagnetic Waves 


WHEN plane electromagnetic waves, which are 
circularly polarized, are absorbed by a screen dis- 
posed perpendicularly to the direction of propaga 
tion, or are transformed with a suitable device into 
linearly polarized waves, they produce on the screen 
or device a mechanical torque, the intensity of 
which for unit surface is 


(1 


where S is the Poynting vector and w is the angular 
frequency of the wave. This effect was pointed out 
many years ago by A. Sadowsky'; and later J. H. 
Poynting? gave a complete theory for it. 

Formula (1) may be easily proved, taking into 
account the fact that photons have a spin + //2= 
(where /& is Planck’s constant). 

In effect, an elliptically polarized wave may b 
resolved into two components along the principal 
axis of the ellipse, namely, 


x= X, coswt, y = Y, sino, 
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whero X, and Y, are the amplitudes of the electric 
vector of the wave along the axis. 

The 2 component may be represented by two 
vectors L, and R,, each having a magnitude X,/2 
and turning one to the left, the other to the right, 
with angular velocity . Similarly for the y com- 
ponent ; the two rotating vectors are L, directed as 
L, and R, opposed to R,. Putting L L, + 14, 
R—R,-— R, we have an elliptically polarized 
wave, which is given by the superposition of the two 


circularly polarized waves, L being left-handed and 
R being right-handed polarized with the Poynting 


vectors : 


°° R?. 


Heo 


As the energy of every photon is hy, the flux of 
photons with positive spin is Sz’hvy and that of 
photons with negative spin is Sr/hy. 

The angular momentum through the unit surface 
perpendicular to the propagation of the elliptically 
polarized wave is: 


Let us suppose that a plane linearly polarized wave, 
the electrical vector of which, FE, makes an angle 9 
with the «x-axis, falls on a birefracting plate. Then for 
the emergent elliptically polarized wave we have : 


Xo E cos 9, Y, E sin 9, 
and the calculated angular momentum may be written 
as follows : 
. a2 . 
+ sin 29, 
@ Me « 


where S is the Poynting vector for the incident wave 
absorption and reflexion have been neglected). 

When 9 t 7/4, we obtain a momentum 
circularly polarized wave); when 9 0, 7, the 
momentum vanishes (linearly polarized wave). 

If a circularly polarized wave is absorbed by a 
screen or is transformed into a linearly polarized 
wave, the angular momentum vanishes. Therefore 
the screen must be subjected to a torque per unit 
surface equal to the variation of the angular momen- 
tum per unit time. The intensity of this torque is 
= S . 

Owing to the high frequency, the measurement of 
this torque with light is so difficult that for a long 
time it has been believed impossible. In 1936, how- 
ever, R. A. | eth* succeeded in doing so, using very 
delicate equipment. With centimetre waves the torque 
is much stronger and it may be easily measured. 

The experiment has been performed with a mag- 
netron 725A transmitter; this gives linearly polar- 
ized waves inside a wave-guide with rectangular 
cross-section. The magnetron was fed with pulses of 
lusec. duration at the rate of 1,000 pulses per sec. ; 
the radiated waves were of 3-2 cm. (9,360 Mc./sec.) 
with a peak power of 50 kW. and, therefore, a mean 
power of 50 W. 

From the rectangular guide the waves enter a 
circular one of 25 mm. diameter; this is vertical 
and ends with a small horn. As the power density is 
constant over a surface of 50 sq. cm. (checked 
with a bolometer), the Poynting vector is about 
1 watt/sq. cm. 


+ S/o 
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A part of the circular guide, which is rotatable 
around its own axis, contains a paraffin plate (re- 
fractive index of paraffin 1-47) a few millimetres 
thick. The length is selected to give a delay of a 
quarter period to the waves having the electric field 
vector parallel to the plate. If the vector is parallel 
or perpendicular to the plate, the linearly polarized 
waves emitted from the magnetron remain unaltered ; 
they are changed into circularly polarized waves 
if the vector is inclined at 45° on the plate. 

A glass tube with plane window has been put on 
the horn ; inside this tube and directly on the mouth 
of the horn the absorbing screens are suspended with 
two thin silk threads. Each screen has a small mirror 
which enables us to read the rotation angle by re- 
flexion of a light beam on a scale. The glass tube 
with the screen can rotate about a vertical axis. 

The absorbing screen consists of two disks 3 cm. in 
diameter ; one is of mica coated with a layer of gum 
containing graphite, the other is of aluminium ; they 
are fixed at a distance of 7/4. The energy of the 
waves falling perpendicularly on the mica disk is 
partly reflected and partly transmitted ; the latter 
is reflected back by the aluminium disk and is again 
transmitted through the mica disk. The phase of 
this transmitted wave is opposite to that of the 
reflected one; it is therefore possible to arrange the 
system in such a way that the emerging radiation 
vanishes. 

The deviation of the bright spot on the scale is 
about 6 em. when the absorbed waves are circularly 
polarized ; no deviation occurs at all if the polariza- 
tion is linear. There is no deviation also if the screen 
can be retained perfectly reflecting, such as with 
the aluminium disk alone. 

Another screen has been made with two squares of 
mica (side 2 em.) fxed at a distance of 2/8. (n each 
square parallel metal wires of 0-2 mm. diameter are 
fixed; the wires on one square are perpendicular 
to those of the other. A circularly polarized wave 
falling on this system will be resolved into two 
linearly polarized waves; one, polarized parallel to 
the wires of the first square, is reflected by this ; 
the other, polarized perpendicularly to the former, 
is transmitted through the first square and reflected 
back instead by the second. This wave is in turn 
transmitted through the first square, and being in 
phase with the first reflected wave combines with it, 
giving a linearly polarized wave. 

The system turns to the right or to the left following 
the polarization of the incident wave ; the deviation 
of the bright spot reflected from the mirror on a scale 
at 1 m. was about 8 cm., corresponding to a mech- 
anical torque (17? dyne/cm.) which is in accordance 
with the results of formula (1). 

If the incident wave is linearly polarized and the 
electric vector is directed along the wires of one of 
the squares, the reflected wave is still linearly polar- 
ized and the spot on the scale gives no deviation 
at all. 

Again, if the electric vector of the linearly polar- 
ized wave is directed at + 45° to the wires of one 
of the squares, the reflected wave shows left-hand 
or right-hand polarization, and the system rotates 
in the direction opposite to that of the polarization. 
Also in this case the torque is in accordance with the 
results of formula (1). 

A third screen has been made with two mica 
squares of 3 cm. side, but fixed at a distance of about 
8 mm., that is, /4. This screen reflects an incident 
circularly polarized wave as a wave with opposite 
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circular polarization ; the deviation of the spot on 
the scale is therefore doubled. 

The experiments give no more than the order of 
the torque of the waves, chiefly because the value 
of the Poynting vector is rather uncertain. Moreover, 
as the absorbing screens have a size comparable with 
the wave-length, diftraction, non-uniformity in the 
distribution of currents and phase differences are per- 
turbing factors in the measurements. From a qual- 
itative point of view, however, the agreement with 
the theory is complete ; the rotations of the moving 
systems were ample and very stable, so that we may 
safely infer that circularly polarized electromagnetic 
waves possess angular momentum. 

NELLO CARRARA 
Centro Microonde, 
Consiglio Nazionale delle Ricerche, 
Viale Morgagni 48, Firenze. 
March 4. 


* Sadowsky, A., Acta et Comm. Imp. Univ. Jureviensis, 7, Nos. 1-3 
(1899); 8, Nos. 1-2 (1900). 

* Poynting, J. H., Proc. Roy. Soc., 82, 560 (1909). 

* Beth, R. A., Phys. Rev., 50, 115 (1936). 


Effect of Pressure on Burning Velocity 


THE measurement of burning velocity is important 
in providing results for testing the various theories 
of flame propagation’. Linnett and Wheatley® have 
recently reviewed the earlier work on the effect of 
pressure on burning velocity, and from this and from 
their own experiments on ethylene—air mixtures con- 
clude “‘that burning velocities are affected by pressure 
and that, for some hydrocarbons, as the pressure is 
lowered the burning velocity increases”. However, 
some of the earlier results quoted have been obtained 
by methods which suffer from several defects, as 
pointed out by Sherratt and Linnett*; and the 
resuits of Garside, Forsyth and Townend’ on 
ethylene—air mixtures, also quoted by Linnett and 
Wheatley, show no progressive change in burning 
velocity with decrease in pressure. On the other hand, 
recent work by Badin, Stuart and Pease* on flames 
of nitrogen-oxygen—butadiene 1,3 and helium 
oxygen—butadiene 1,3 at atmospheric and reduced 
pressures has shown an ,increase in burning velocity 
with reduction in pressure to 300 mm. of mercury ; 
a decrease for the helium mixture was observed as 
the pressure was further reduced. 

We have recently developed a new procedure for 
evaluating burning velocities from the shadow and 
direct photographs of a flame*®, and we have used 
this to study benzene-air flames at pressures below 
atmospheric. The accompanying diagram shows the 
burning velocity—mixture composition curves at 
various pressures and for two diameters of burner. 
For the two burners, of 1-0 and 1-27 cm. diameter, 
the values of burning velocity down to a pressure 
of 400 mm. of mercury are in good agreement, 
suggesting that the effect of burner diameter does 
not become important within this pressure-range 
although it may be important when a greater 
reduction of pressure is made. 

It can be seen from the diagram that there is an 
increase of burning velocity as the pressure is re- 
duced, and the results from 700 mm. to 400 mm. of 
mercury agree well with the prediction of Tanford 
and Pease that the burning velocity should vary 
inversely as the fourth root of the pressure. 

The present work is to be extended to other hydro- 
carbons using burners of increasing diameter as the 
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far obtained, 
with the 


pressure is reduced. The results so 
however, are in substantial agreement 
conclusions of Linnett and Wheatley. 
F. H. GARNER 
G. K. ASHFORTH 
R. Lone 
Department of Chemical Engineering, 
University, Birmingham 15. 
' Tanford, C., and Pease, R. N., J. Chem. Phys., 15, 431, 861 (1947 
: Gaptee, A. G., and Wolfhard, H. G., Proc. Roy. Soc., A, 196, 106 
* Jouguet, C. R., C.R. Acad. Sci., Paris, 168, 820 (1919); 
(1924). 
* Daniell, P. J., Proce. Roy. Soc., A, 126, 393 (1930). 
* Linnett, J. W., and Wheatley, P. J., Nature, 164, 403 (1949 
* Sherratt, S., and Linnett, J. W., Trans. Farad. Soc., 44, 596 (1948 
* Garside, J. E., Forsyth, J. S., and Townend, D. T. A., J. Inst. Fuel 
18, 175 (1945) ' 
® nn 5 J., Stuart, J. G., and Pease, R. N., J. Chem. Phys., 17, 314 
* Garner, F. H_, Long, R., and Ashforth, G, K., Fuel (in the press). 
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Two recent communications in Nature'-* have dis- 
cussed the effect of pressure upon burning velocity and 
have referred to the square root law of Tanford and 
Pease® as leading ‘‘to the inverse fourth root law for 
the variation of velocity with pressure’’. This state- 
ment is not strictly true. The square root law, after 
a number of simplifying assumptions, predicts that 
the burning velocity should vary with pressure as 
the square root of 2;/B;, where 2; is the mol fraction 
of an active species at the equilibrium surface, and 
B; is a factor previously defined‘, which is com- 
paratively invariant with pressure. Where hydrogen 
atoms carry most of the burden of energy ‘ransfer 
into unburnt gas, we should expect rq i vary 
approximately as the inverse square root of the 
pressure, and, hence, roughly an inverse fourth root 
variation of burning velocity. For precise calculation, 
however, equilibrium computation of the 2; is re- 
quired. One mixture for which such a calculation 
has been made is stoichiometric butadiene — air’. The 
calculated burning velocity ratio for one atmosphere 
as against half an atmosphere pressure was found to 
be 0-88, as compared to a fourth root value of ()-84. 
Thus, as Gaydon and Wolfhard* point out, the 
burning velocity may decrease with pressure less 
sharply than a fourth-root — would predict. 
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This has searcely any bearing, however, on the 
wzling experimental disagreement between Gaydon 

ind Wolfhard on one hand, and Linnett and Wheatley, 
Badin «¢ al.5, Ubbelohde’, etc., on the other. It is 
ear that the burner diameter is a factor which 
gust be taken into consideration. However, using 
,s burner of too small diameter at low pressures would 
» expected to withdraw atoms and free radicals 
fom the flame and therefore decrease the burning 
elocitv. It is hard to see how failure to increase the 
urner diameter can account for a false increase in 
urning velocity. On the contrary, it would seem 
nore probable that failure to increase the burner 
jiameter sufficiently is responsible for the decreasing 
urning velocities which Ubbelohde’ and Badin et al.* 
bserved below 300 mm., pressure, subsequent to an 
nerease in going from higher pressures to 300 mm. 
miad larger burner ports been used, a continued 
nerease tiight have been observed. 

It would appear to be desirable, therefore, to go 
farther into the causes underlying the differences in 
he experimental burning velocity — pressure reia- 
ions before either one of them is used to draw 
theoretical conclusions. The forthcoming experiments 
f Linnett and Wheatley should be of much interest 



































































Lines n this connexion. 
h tlh CHARLES TANFORD 
Department of Chemistry and 
Chemical Engineering, 
RTH State University of Towa, 
lowa City, Iowa. 
Sept. 26. 
e Linnett and Wheatley, Nature, 164, 403 (1949) 
: Gaydon and Wolfhard, Nature, 164, 404 (1949). 
os Tanford and Pease, J. Chem. Phys., 15, 861 (1947). 
79. 454 fanford J. Chem. Phys., 15, 433 (1947) 
Badin, Stuart and Pease. J. Chem. Phys., 17, 314 (1949). 
‘Gaydon and Wolfhard, Proc. Roy. Soc., A, 196, 105 (1949). 
9 Ubbelohde and Anwandter, J. Gashel., 60, 225 (1917) 
(1948 
t. Fuel da 
17,314 @ Expansion of the Lamellar Crystal Lattice 
88) of ‘Aerosol OT’ upon the Addition of Water 
Ir is a well-known fact that some lamellar crystals, 
» dis such as montmorillonite, graphite and hemoglobin’, 
7 and swell reversibly upon the addition of water, the latter 
and entering in small defined layers between the crystal 
yw for planes. It is the purpose of this note to direct atten- 
tate. tion to some remarkable examples of such behaviour 
after on &@ much more striking scale. These occur in liquid 
that crystalline solutions of some detergents (anisotropic 
e as aqueous phases). In these, all the added water appears 
tion to enter the expanded lamellar lattice. 
and If the swelling occurs in only one direction and the 
-om- amount is determined solely by the volume increase 
gen due to the added water, the increase of the Bragg 
sfer ‘long spacing’, d, determined by X-rays would be 
ru Ad dy.es/ Pe (gm. water/gm. solid), 
root where d, is the spacing of the anhydrous crystal, pg is 
ion, the density of the solid and p, is the density of water. 
re- Many solutions of detergents, soaps and other 
ion colloidal electrolytes are well known which yield aniso- 
lhe tropic phases over a range of their aqueous systems. 
ere These are characterized by double refraction, high 
| to anomalous viscosity, and sharp X-ray patterns, and 
84. their phase behaviour obeys the phase rule*. The 
the X-ray behaviour of these systems falls into two 
ess definite groups**. One of these is given here a definite 
ict. interpretation. 
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In the system ‘Aerosol O7" (sodium salt of di-octy] 
sulpho succinic acid)—water, the liquid crystalline 
phase at 25°C. extends from near the pure solid 
crystal (100 per cent) down to about 16-5 per cent 
‘Aerosol OT”. The long X-ray spacing is very sharp 
and is found to vary exactly in accord with the 
equation given. A value of 1-1 is assumed for the 
density of ‘Aerosol O7’. 

The same quantitative expansion is seen to have 
oceurred in the previously investigated liquid crys- 
talline systems of aqueous glyceryl monolaurate and 
diglycol laurate measured by Marsden® and also in 
the liquid crystalline phase of aqueous hexanolamine 
oleate studied by Ross*. In these cases, however, the 
value of d, is a few per cent less than that of the solid. 

Such linear expansion of a lamellar lattice, with 
all the added water going into well-defined equally 
spaced layers in the crystal lattice, can proceed to a 
limit given by the range of surface forces that cause 
the lamellar structure to hold together. The mech- 
anism is presumably by relayed dipole orientation 
through successive molecular layers until the order 
is broken up by thermal vibration. A review of the 
evidence for the effective depth of the surface zone 
of liquids is given by Henniker’. 

The greatest depth of the water layers observed 
in these three systems is for ‘Aerosol O7’, 110A. 
thick; for glyceryl monolaurate, 120A.; for 
diglycol monolaurate, 155 A., and for hexanolamine, 
454A. On further addition of water the systems 
become heterogeneous, separating into two liquid 
phases. 

The relation given in the equation above does not 
apply to other isotropic aqueous systems of colloidal 
electrolytes which are either isotropic or where inde- 
pendent Hess micelles or rod-shaped micelles are 
present’. 

These experiments give positive proof of the exist- 
ence of a deep surface zone in water of the order of 
100 A., and offer a new experimental method for its 
investigation. 

W. Pxrvipporr 
JamMES W. McBaIN 
Department of Chemistry, 
Stanford University, 
California, U.S.A. 
May 19. 
' Boyes-Watson, J., Davidson, E., ani Peratz, M. F., Proc. Roy. Soc., 
A, 191, 83 (1947). 
* McBain, J. W., Vold, R. D., and Vold, M. J., J. Amer. Chem. Soc., 
60, 1886 (1938). 
* McBain, J. W., and Marsden, 8. 8., Acta Crystall., 1, 270 (1948). 
—_——.>. 8., and McBain, J. W., J. Amer. Chem. Soc., 70, 1973 
* McBain, J. W., and Marsden, 8. S., J. Chem. Phys., 15, 211 (1947). 
* Ross, S., and McBain, J. W., J. Amer. Chem. Soc., 68, 296 (1946). 


’ Henniker, J. C., Rev. Mod. Pays. (in the press). 
* Marsden, S. S., and McBain, J. W., J. Chem. Phys., 16, 633 (1948). 


Crystal Structure of the Hydrate Form 
of Racemic Acid 


As was shown by Pasteur, racemic acid is composed 
of the two stereoisomers of tartaric acid. Although 
the chemical properties of racemic and _ tartaric 
acids are the same, the existence of a small heat 
of formation of racemic acid from d-tartaric acid, 
and differences in the physical properties of the two 
acids both in crystal form and in concentrated solu- 
tion, suggest the formation of a definite compound. 
In early X-ray work on the crystallography of the 
anhydrous form of racemic acid, Astbury! concluded 
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Fig. 1. Electron density projection of the hydrate form of racemic 
acid on to a plane normal to the c-axis. The drawing shows the 
complete cell containing both d- and /-forms of tartaric acid, 
together with the water molecules. Contours are drawn at in- 
tervals of 1 electron/A.’, the first being shown dotted 
that racemic acid did not exist in the crystal as a 
double molecule of the two forms of tartaric acid. 
This viéw is supported by the present work, although 
it is possible to identify, in the structure, a column 
of d- and /-molecules parallel to the c-axis, held 
together by square systems of hydrogen bonds. This 
arrangement, which is not possible in tartaric acid, 
is likely to be responsible for the difierence in physical 
properties of the two acids. 

In view of the difficulty of getting crystals of the 
anhydrous acid!.?, the structure determination of the 
hydrate form was attempted. The crystals are tri- 
clinie with a centre of symmetry and the cell dimen- 
sions are: a = 8-06A.; 6 = 9-61A.; c = 4-85A.; 
a = 70-1°; 8 = 971°; y = 112-2°. The measured 
density is 1-700 gm./e.c., and there is one unit of 
molecular weight 336 (corresponding to two tartaric 
acid and two water molecules) in the cell. These 
results are in agreement with previous work’, except 
that a new lattice direction has been chosen for the 
b-axis. 

The structure was solved by trial-and-error methods 
and was refined by successive Fourier summations 
in the usual way. In the early stages of the structure 
determination, considerable help was obtained from 
the use of structure factor graphs‘. A Fourier pro- 
jection of the electron density on to a plane normal 
to the c-axis is shown in Fig. 1, and it can be seen 
that there is partial resolution of all atoms in the 
projection. The atomic arrangement upon which this 
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Fig. 2, The atomic arrangement upon which the Fourier projection 
in Fig. 1 is based 
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electron density projection is based is showr 
Values of the co-ordinates obtained from 
projections are : 


i Fig, 2. 
ll three 


z 
0-997 
0-689 
0-536 
0-363 
0-211 


z v 
0-724 0°218 
0-791 0-457 
0-231 0-011 
0-067 
0-342 0° : 
0521 0-363 0-81 

The shape of the tartaric acid molecule is e 
the same as that found by Feevers and }) 
the structure of Rochelle salt®, and conf 
Beevers and Stern in the structure of d-tarta: 
The square system of bonds previously refe: 
formed from the hydroxy! groups of the tart 
molecule. Fach hydroxyl group forms two |v drogen 
bonds to other hydroxyls, one being on a @- and one 
on an l-molecule. Thus the hydrogen bond quire. 
ments of the two hydroxyl groups are completely 
satisfied by this arrangement. Of the two carboxy| 
groups in the molecule, one forms hydrogen bonds 
to another carboxyl group of the opposite configura. 
tion. whereas the second forms bonds to the water 
molecules. 

A fuller description of this investigation will be given 
later. I am indebted to the Department of Scientific 
and Industrial Research for a maintenance allowance, 

u. S. LAkRY 

Birkbeck College Research Laboratory, 

21 Torrington Square, 

London, W.C.1. 
July 5. 

* Astbury, Proce. Roy. Soc., A, 104, 219 (1923). 
* Groth, “Chemical Crystallography”. 
* Gersticker, Z. Krist., 66, 421 (1927). 
* Bragg and Lipson, Z. Krist., 95, 323 (1936). 
* Beevers and Hughes, Proc. Roy. Soc., A, 177, 251 (1941). 
* Beevers and Stern, Nature, 162, 854 (1948). 
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McLeod-type Alloy-filled Vacuum Gauge 

THE mercury-filled Mcleod gauge presents so far 
the best absolute instrument and is widely used in 
the range of low pressures. The presence of mercury 
vapour in the vacuum system from the gauge itself, 
however, is one of its serious disadvantages; at 
normal temperature this pressure is of the order of 
one micron. This can be remedied in some degree 
by a liquid-air trap; nevertheless, the use of the trap 
is rather inconvenient. The use of non-volatile organic 
fluids' in the Mcleod gauge has the serious dis- 
advantage that many gases are soluble in these 
fluids; further, the difusion of the gases through 
the liquid can influence the accuracy of the 
measurement. Cn the other hand, the degassing of 
dissolved gases from the liquid presents considerable 
difficulty. 

To avoid those disadvantages an easily fusible 
alloy, instead of mercury, can be used in the Mcl.eod 
type gauge. For example, the alloy of composition 
27 lead, 13 tin, 50 bismuth, 10 cadmium per cent 
has a solidification temperature of about 70° C.; 
its specific gravity is about 9 6, that is, 1-4 times less 
than that of mercury. At the temperature of 100°C. 
the alloy is sufficiently fluid to be used for the opera- 
tion of the gauge. The boiling points of the alloy 
constituents are as follows (approx. data*): lead, 
1,700°C.; tin, 2,400°C.; bismuth, 1,500°C.; and 
cacm’um, 770° C. As cadmium has the lowest boiling 
point among the constituents, its vapour pressure in 
the gauge will be dominating. This pressure at the 
temperature of 100° C. can be found by the formula®: 
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— 5907°8 _ 9.4393 log T—2-840 x 10° T. 
l 


practically insignificant for the range of the 
(Other authors, see ref. 4, give the 
rder of magnitude for the vapour pressure 
fcadmium at that temperature.) 

construction of the alloy-filled gauge must 
some degree, from 
| mereury gauge. The main reservoir which 
ontains the allov in the solid state (when the gance 
s out of operation) cannot be made of glass, which 
wacks, cue to the thermal volume changes of the 
The other parts of the gauge, into which the 
jiquid alloy in the hot state flows during the operation 
niy, can be made of glass. Stainless steel seems to be 
the best material for the reservoir. The joint used here 
is the ordinary metal-to-glass seal. The whole gauge 
is immersed in the water or oil bath. The upper part 
Veosel must be transparent, to enable the 
bservation of the alloy columns in the capillary 
The first experimental alloy vacuum gauge 
has been designed with the glass capillary tubes 
)-2 em. in diameter and the compression bulb of the 
For that gauge we obtain the 
2 x 107°. k? (mm. mercury), which 
1 micron gives the column height A - 
The alloy has the composition as mentioned above 
(boiling-water bath). 
mobility of the alloy in the capillary tubes is practic- 
ally the same as for mercury. 
eft on the walls of the glass parts after it is with- 
jrawn into the main reservoir. 

Of course, the alloy-filled gauge needs outgassing. 
The degree of outgassing necessary has not so far 
been determined ; this problem is being investigated, 
and the use of an indium-containing alloy (melting 
point about 45°C.) is being considered. 

JaNUSZ GROSZKOWSKEI 


volume of 160 cm.?. 


No traces of alloy are 
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Hickman and Weyerts, J. Amer. Chem. Soe., 62, 4714 (1930). 
Boernstein Tabellen™ (Sth edit., 1, 
Maier, Ch. G., J. Amer. Chem. Soc., 48, 356 (1926). 
‘Law, R. R., Rev. Sei. Instr., 19, 920 (1948). 


Speed of Wave Energy 


RKAYLEIGH' was not quite satis‘ied in having to 
btain his equation for speed of wave energy by 
from consideration 


indirect means, of ‘interference 


searched for an alternative method ; but the one he 
devised was also indirect, so that his result still rested 
on mathematical hypothesis, and was devoid of any 
Jt seems to have remained in 
this state until Sverdrup and Munk? recently pro- 
luced a simple description of what happens to the 
energy in deep water, and the present purpese is to 
amplify their description, and show why the speed 
of the energy of sea waves ranges from a half to the 
whole of the wave-speed, according to the value of 
the depth- length ratio, D/L. 

Their explanation is‘that whereas the kinetic half 
Ey) of the total energy (£) is uniformly distributed 
throughout the length of each wave, and can there- 
fore remain stationary while the waves forge ahead, 
there is no such uniformity with the potential half 


obvious explanation. 








(Ey), which must, therefore, keep station with the 
waves. That is why in deep water the average speed 
of E is half the wave-speed (G = $V). Although this 
is a physical explanation rather than a formal proof, 
it goes a long way towards confirming the mathe- 
matical analysis. 

When D/L is not large, Ep behaves as before, and 
travels with the waves; but this is not so with the 
whole of E,, which is influenced in several ways, 
and these ways can be more easily examined if L 
and wave-height (H) are taken as constants, so that 
D is the only variable. All three become variable 
when an actual series of waves shoals its water; but 
this would needlessly complicate matters. With L 
and H constant, and D growing smaller, the vertical 
movement of the water particles decreases more 
rapidly from the surface downwards, while the wave- 
period increases, and so for two reasons the move- 
ment of the particles is slowed down; and if their 
orbits were to remain circular, as they would be in 
deep water, the kinetic energy which each particle 
could carry would be reduced. As there are fewer 
particles in shoal than in deep water, there would for 
three reasons be shortage of accommodation for Fx, 
the value of which is scarcely, if at all, affected by 
reduction in D/L. This is remedied by increase in run, 
and therefore horizontal speed, the orbits becoming 
elliptical ; and it is solely in respect of this ellipticity 
that G exceeds 4V. 

Thus £y can be divided into two parts, ‘circular’ 
and ‘the rest’, and as ‘the rest’ is not uniformly 
distributed, more of it being at crests and troughs 
than elsewhere, it must travel with the waves. Thus, 
G, which is equivalent to the average speed of £, 
will be given by V(1 — ‘circular’ Fy + £). ‘Circular’ 
Fy is quite easy to calculate, and the result is in 
exact agreement with Rayleigh’s equation for speed 
of energy, G = V — L.dV/dL, which for sea waves 
takes the form G = 4V(1 + 4r-D/L + sinh 4rD/L). 

One can thus picture exactly what is happening 
to the energy, and why its speed changes from $V 
to V as the waves change from deep water to ‘long’, 
and why it does so in accordance with this otherwise 
inexplicable equation. The ‘circular’ Ey gradually 
forms a smaller and smaller proportion of the whole 
of FE, and with ‘long’ waves this proportion becomes 
negligible. What happens after that it is hard to 
say; but the question does arise, for with ripples G 
exceeds V by 50 per cent. Is it merely a case of the 
direction of orbital rotation being reversed, or is 
there a further problem to be solved ? 


As a sequel to the above, the speed of the energy 
cannot be uniform from surface to bottom, except 
with ‘long’ waves. Thus, denoting the energy per 
square foot in a thin layer of water at height y above 
the bottom of *#, and its ‘circular’ part by é2,, the 
speed at that level will be V(1 — é2,/@£) 





9° 
v(i-5.. nie a4) 
2 coth 2ny/L coth 2../L + coth® 2ry/L + 17" 
which means that the speed will range from 
scoth? 2-D/T. — 1 
3 coth* 2xD/L + 1 
at the surface, to V at the bottom. This makes 
no difference in quite deep water or with ‘long’ 
waves; but, as wave-power = intensity x speed 
of energy, it is of consequence when D/L has a 
moderate value. For example, when D/L = 0-20, 
the lower haif of the water will carry 27 instead of 
22 per cent of all the wave power, that is, 23 per cent 
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more than would otherwise be the case. This in- 
dicates possible reduction in the efficiency of the 
floating (Bombardon) type of breakwater, the use 
of which was attempted for the Normandy landings’. 
P. J. H. UNNA 
20 Eldon Road, 
London, W.8. 
» Rayleigh. “Scientific Papers”, 1, 325; 
(iSee). 
* Sverdrup and Munk, “Wind, Sea and Swell” 
graphic Office, U.S. N., 1947). 
*“The Civil Engineer in War”, 2.2 


“On Progressive Waves” 


, Pub. 601, 7 (Hydro- 


256 (Inst. Civ. Eng., 1948). 


An Anomaly in the Classical Theory on 
infinitesimal Deformation 


Ir is shown in this note that the general complex 
strain expressions of the classical theory on in- 
finitesimal deformations which are of an unsym- 
metrical character cannot transform correctly with 
reorientation of co-ordinate axes. As the simplest 
case to illustrate the argument, consider the homo- 
geneous infinitesimal deformation of a thin, elastic, 
isotropic sheet loaded with plane stress. Further, for 
simplicity, neglect the strains in the direction normal 
to the sheet. Choose Cartesian co-ordinate axes OX, 
OY, with unit vectors a, b respectively in the 
directions of the principal normal stresses Sx, Sy. 
A typical point initially at R with scalar components 
X, Y is displaced by the infinitesimal vector D with 
scalar components U, V. Then, 

D= Ua + Vb 
Rab ate 
0X oY 

OV 
al 
(1) 


This dyadic is self-conjugate. That is, the inter- 
change of vectors in any dyad such as aa, for example, 
leaves the dyadic unchanged. 

Now choose another set of Cartesian axes Oz, Oy 
with unit vectors i, j respectively and the origin 
— iding with the origin of the previous set. Let 
u, v be the scalar components of D and z, y the 
att components of R in the directions of Ox, Oy 
respectively. Then, 

D ui + vj 


Ou ou v sez) 
xt + =f + 5! ! j 


Ox oy’ 
ne "a * oii i) | 


U oe 
R. [Fi 
ak. B. 
This dyadic B is not self-conjugate unless, 
Ov Ou 7 
= (3) 


dx (Oy 
The vectors D and R in (1) and (2) are the same, so 
these two equations require the transformation, 


4 2 OB. (4) 


However, the dyadic B cannot transform to the self. 


= . . . . 
conjugate dyadic A unless it is self-conjugate', which 


requires 0v/dx to equal du/dy. The classical theory 
does not require dv/dx to equal du/dy, but it is re- 
quired by my theory on finite straining applied to 
the present case of infinitesimal straining. 
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By well-known methods, the princi; 
Sx, Sy transform to normal stvesses Sz, S, 
stress 7' for axes Or, Oy. The classical the 
relate the shear strain and stress by®, 

dv , du _ 21+) 4 ‘ 

Ox dy E , 19) 
where q is Poisson’s ratio and Z is Young's 
My theory would state, 

dv Ou _ (1+4@) , 

Oc Oy er ) 

The difference arises essentially in the clasgica) 
definition of the relation between ‘spatial-lisplace 
ment’ components u, v and shear stress 7’ in (5) with 
respect to a co-ordinate system independent of tho 
loaded body, whereas in my theory the ‘straining. 
displacement’ components u, v are with respect to g 
co-ordinate system related to the loaded bod 
Further, while the classical shear strain in (5) js , 
‘slide’, the shear strain in (6) is a normal strain jy 
the ‘auxiliary’ direction bisecting the angle betwee, 
Ox and Oy. Love states for the general case of 
infinitesimal straining*: ‘“‘Lord Kelvin has called 
attention to the unsymmetrical character of the 
strain-components here specified. Three of them, in 
fact, are extensions and the remaining three am 
shear strains. He has worked out a symmetrical 
system of strain-components which would be the 
extensions of lines parallel to the edges of a tetra. 
hedron*.”” Thus Kelvin went to a complex of norma! 
strains as I have done, but he considered a tetra. 
hedron as the typical element where I have related 
the strain effects to an orthogonal six-face, found the 
symmetrical equations desired by Kelvin and also 
retained one-to-one correspondence between stress 
and strain. Thus the ‘straining-displacement’ co 
ordinate system located at an arbitrary point of the 
deformed body prevents the effect of ‘rotation of 
the body as a whole’ (in my sense) although, clearly. 
‘local rotation’ of the body occurs at any other 
typical point during the deformation. The in 
stantaneous stress complex represented by the stress 
dyadic Ss operates at the typical point, and the physics 
of the substance gives the relative straining-displac 
ment induced by it. However, the vector stress 
component’, 


SUPE sseg 
nd Shear 
ry Would 


1odulug, 


Sn nm. id 7 
on @ plane normal to a given fixed-direction unit 
vector m will not necessarily act on the same st 
of particles from instant to instant. This ‘stress 
transference’ due to ‘local rotation’ is not visualized 
explicitly in the classical theory. This oversight 
appears to have led to the anomaly noted that, there, 


A is not necessarily equal to B, although equality 
is required for mathematical transformation with re. 
orientation of co-ordinate axes to retain the same 
relative streiuing-displacement due to the stress 
complex. 

The argument is applied to heterogeneous strain 
by choosing the relative position vector as the in 
finitesimal dR instead of R in (1) and (2). 

K. H. SWAINGER 
Imperial College of Science and Technology, 
London, S.W.7. June 17. 
s — C. E., “Advanced Vector Analysis” (Bell and Son 


* Love, A. = a. “Mathematical Theory of Elasticity’’ (Camb. Univ 


* Swainger, Kk. ‘ii. Phil, Mag., 38, 422 (1947). 
*Lord Kelvin, Proc. Edin. Roy. Soc., 24 (1902), 
(6), 3, 95 and 444 (1902). 
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A New Peptide Synthesis 


Cook, Heilbron and Levy' have recently prepared 
tetraglycylglycine and several di-peptides by reaction 
of 2-thio-5-thiazolones with amino-acid derivatives. 
During the past few years, much interest has als 
been shown in the polymerization potentialities of 
the N-carboxy anhydrides of «-amino-acids**. Study 
of the reaction of these anhydrides with simple 
organic bases has now indicated the mechanism of 
their polymerization and provided a new method of 
building up polypeptides by addition of single 
amino-acid units. 

The new N:N’-dicarboxy di-anhydride (I) of 
L-cystine, which was prepared as a crystalline mole- 
cular compound with dioxan, undergoes ring fission 
in the presence of two equivalents of a primary base 
in a solvent to form a di-carbamate of a substituted 
cystine diamide of general formula IT. Reaction of 
I with glycine ethyl ester leads to the carbamate 
derivative of L-cystinyl-diglycine ethyl ester (ITT), 
which decomposes on warming to give the free tripep- 
tide ester IV. A similar reaction takes place between 
IV and the N-carboxy anhydride of DL-alanine in the 
presence of one equivalent of triethylamine, yielding 
the ethyl ester of the new pentapeptide di-DL-alany!]- 
L-cystinyl-diglycine. 





N 4177 


—S—CH,CH—CO. 7 


‘0 | RNH, [ s as 
cae NHCOOH.NH,RJ 
wHco’ 4° —_ 
I il 
glycine ester 
-—S—CH,CHCONHCH,COOC,H, 7 warm 
beni 
L NHCOOH.NH,CH,COOC,H,J, to 40°C. 
lll 
7 —S—-CH,CHCONHCH,COOC,H, 9 
L NH, di 
IV 


+ NH,CH,COOC,H, + CO, 


Further, it has been established that the simple 
N-carboxy anhydrides of amino-acids undergo a 
general reaction with amino-acid esters under 
anhydrous conditions according to scheme A : 
RCHCO, R’‘CHCONHCHR’COOEt 


O + 2NH,CHR*COOEt —- 
NHCO” NHCOONH,CHR’COOEt 
(A) 

Unlike the carbamates derived from simple amino- 
acid esters’, those arising from scheme A are stable 
at room temperature in absence of moisture and are 
in many cases crystalline. 

Reaction of N-carboxy anhydrides with one equiv- 
alent each of amino-acid ester and a tertiary base 


at 0° C. or below proceeds according to scheme B : 
R’( HCO. 
O + NH,CHR’COOEt + (C,H,),N —— 
NHCO% 
R’CHCONHCHR’COOEt 
NHCOOHN(C,H,)s 
warm / 


x 
NH,CHR’CONHCHR’COOEt + (C,Hs)sN + CO,. 
(B) 


The carbamates containing a tertiary base decompose 
slowly at room temperature and rapidly at 30—40° C., 
evolving carbon dioxide and leaving the tertiary base 
and the newly formed peptide ester. They are very 
deliquescent and are usually obtained "as semi- 


crystalline or amorphous powders. 
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Confirmation of the structure assigned to the inter- 
mediate carbamates has been obtained by reaction 
with diazomethane to produce crystalline N-carbo- 
methoxy peptides. Thus, from the new N-carboxy 
O-acetyl L-tyrosine anhydride, m.p. 99-—100°C., 
N-carbomethoxy O-acetyl-tyrosyl-glycine ethyl ester 
is obtained as needles, m.p. 145-146°C. (found : 
C, 55-7; H, 6-0; N, 7:7; CygHa2C,N, requires 
C, 55-57; H, 6-01; N, 7-65 per cent). 

The above schemes provide a new peptide synthesis 
of wide scope. The N-carboxy anhydrides can be 
obtained in a high state of purity and in many cases 
peptide formation can be accomplished by alternate 
warming and cooling after each addition of reagent. 
The following peptides have been synthesized in good 
yield by this method : 
pL-Alanyl-L-tyrosyl-glycine 
pL-Alanyl-L-tyrosyl-glycy]- 

glycine 
pi-Alanyl-DL-alanyl-L-tyrosyl- 

glycyl-glycine 
L-Tyrosyl-L-tyrosy]-L- 

tyrosine 
L-Cystinyl-diglycme 


DL-Alanyl-glycine 
L-Tyrosyl-glycine 
L-Tyrosyl-L-tyrosine 
pt-Alanyl-DL-alanyl- 
glycine 
pL-Alanyl-glycyl- 
glycine 
pDu-Dialanyl-t- 
cystinyl-diglycine 
I am indebted to the directors of Wolsey, Ltd., for 
permission to publish this communication. 
J. Leccetr BarLey 
Research Laboratory, 
Wolsey, Ltd., 
Leicester. 
June 23. 
‘Sir Ian Heilbron’s presidentia) address to the Chemical Society, 
March 1949 
* Woodward, R. B., 
1551 (1947). 
* Astbury, W. T., and Dalgliesh, C. E., Nature, 162, 596 (1948). 
*‘ Ambrose, E. J., and Hanby, W. E., Nature, 163, 483 (1949). 
* Brown, C. J., and Coleman, D., Nature, 163, 834 (1949). 
. cae, =. and Katchalski, E., J. Amer. Chem. Soc., 65, 1670 


and Schramm, C. H., J. Amer. Chem. Soc., 69 


Serum Tryptophane-Perchloric Acid Reaction 
as a Measure of Tissue Destruction 


SEIBERT and her colleagues', and other workers, 
found that the polysaccharide content of serum rises 
above the normal in certain pathological conditions, 
including tuberculosis and carcinoma, and it was 
suggested! that this increase is associated with tissue 
destruction. In view of the possibility that the carbo- 
hydrate was derived from nucleic acid, Seibert et al.* 
applied to serum the tryptophane — perchloric acid 
reaction of Cohen’, when they found a significant 
increase in the reaction in cases of tuberculosis and 
several types of carcinoma. The nature of the react- 
ing substance is unknown; but Seibert et al. have 
produced evidence suggesting that it is derived from 
proteins. Presumably an increased reaction may 
also be regarded as being associated with tissue 
destruction. 

It seemed of interest to test this hypothesis by 
applying the tryptophane — perchloric acid reaction 
to serum obtained from burned patients, in whom 
tissue destruction is known to oecur, and where 
possible correlating the results with the excretion of 
nitrogenous substances. Serial determinations made 
in six burn cases clearly indicated a pronounced rise 
in the reacting substance, which reached a maximum 
usually several days after the burn and generally 
returned only slowly to a normal level. The most 
severe burns gave the highest values. 
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Spectrophotometric measurement of the absorption 
spectra of the tryptophane — perchloric acid reaction 
mixtures obtained with sera from two normals, two 
burn and two carcinoma cases showed the same 
absorption maxima in each case. <A further point 
of interest is that Seibert et al. have found a correla- 
tion between the serum content of 7,-globulin and of 
reacting material, while earlier workers‘ had reported 
a rise in «-globulin following expe:imenteal burns in 
animals, 

These observations are consistent with the view 
that the tryptophane — perchloric acid reaction pro- 
vides a measure of tissue destruction, although the 
possibility that the high values found in burns may 
be due to retention or to failure to metabolize the 
reacting substance cannot be entirely excluded. The 
absorption curves obtained when the urine reaction 
mixture was examined spectrophotometrically did 
not correspond with those obtained with serum. 

I wish to thank Mr. F. A. Ibbott for making the 
spectrophotometric measurements (by kind per- 
mission of Dr. H. MecIlwain). I am grateful also to 
Dr. Florence Seibert for advice, and to many col- 
leagues who provided me with clinical material. It is 
hoped to publish a fuller account of this work, giving 
details of blood and urinary findings. 

J. W. KEYSER 
Welsh National School of Medicine, 
Department of Pathology and Bacteriology, 
Royal Infirmary, 
Cardiff. June 23. 
‘ Seibert, F. B., Seibert, M. V., Atno, A. J., and Campbell, H. W., 
J. Clin. Inveat., 26, 90 (1947). 
. —, LR wy Pfaif, M. L., and Seibert, M. V., Arch. Biochem., 18, 
~ oO}. 
* Cohen, 8. S., J. Biol. Chem., 156, 691 (1944). 
* Perlmann, G. E., Glenn, W. W. L., and Kaufman, D., J. Clin. Invest., 
22. 6z7 (194%). Chanutin, A., and Gjessing, E. C., J. Biol. Chem., 
165, 421 (1946). 


Nature of September 3 contained a letter under 


this heading. In it Prof. A. V. Hill asks that the 
word be used in its original sense, that is, as the 
plural of datum, for which he gives the “Oxford 
English Dictionary” definition “A thing given or 
granted” and so on. He adds that there may some- 
times be an excuse for regarding data as a collective 
singular in the same way as agenda. 

I would like, as one who, with Prof. Hill, is anxious 
not merely to maintain but indeed to improve the 
standard of written scientific English, to dissent from 
both his opinions. In my view, the word ‘data’ has 
now come to be generally accepted as having a wider 
meaning than one based on its Latin derivation. It 
is used, still as the plural of datum, to indicate a 
collection of facts or, more often, figures, and these 
may, indeed, be regarded as ‘things given’ to the 
reader for the argument or discussion based on them. 
Changes in the meaning of a word are common in a 
language that is still alive and should, I suggest, be 
welcomed as a sign of life. 

On the other hand, not even Prof. Hill will con- 
vince me that one may deliberately change the 
grammar of a word. ‘Data’ was a plural noun; for 
literate English writers it still is, and I contend that 
it always should be. The analogy with agenda, cited 
by Prof. Hill, is scarcely a fair one. How often does 
one have occasion to speak of a single agendum ? 
In any event, one can always shape one’s sentence 
so as to avoid the choice between using the singular 
or plural verb. I know at least one honorary secretary 
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I take 
zanda”, 
people, 
fore, J 


who punctiliously refers to ‘‘these agenda’ 
oft my hat to him, and if Prof. Hill cites “‘pro; 
regrettably used as a singular noun by mos 
I would quote the more scientific, and the: 
hope, the more accurate, form of strata. 

I suggest that the proper way of using ‘lata’ tp 
indicate the group of facts (or things given), as 
distinct from the facts themselves, is to say so. There 
can be no ambiguity, logical or grammatica!. aboy 
the phrase ‘collection of data’. and it can certain) 
be followed by a singular verb. The phrase is prob 
ably not what the writer generally means, but: it js 
at least grammatical. I have a shrewd suspicion 
that the use of ‘data’ as a singular noun is to be 
explained not as a subtle indication that the things 
found (or given) are being considered collectively. 
but as a result of the same condition as that to 
which Dr. Johnson alluded when he _ replied, 
“Ignorance, madam, pure ignorance !” 

While I am on the subject of plura!s, may I make 
a plea for another use of discriminant forms ? I was 
once taught that ‘index’ and ‘appendix’ both legit. 
imately have two plurals and that the English form 
should be used for the less technical meaning. Thus 
‘indexes’ go at the end of books and ‘indices’ as 
superscripts to letters or numbers; _ similarly 
‘appendixes’ are put on to documents and ‘appendices 
are taken out of bodies. I find that there is lack of 
consistence about the use of both sets of plurals, but 
not, I believe, in Nature. 

A. L. BACHARACH 

26 Willow Road, 

London, N.W.3. 


First, as regards the use of the word ‘data’ as a 
singular noun in the collective sense, [| should never 
use it myself, and my phrase, ““There may sometimes 
be an excuse . . .”’ was at the beginning of a sentence, 
the omission of the second half of which gives a false 
impression. What was obviously intended by my 
sentence was, “There is little enough excuse... 
but there is none at all. . .” 

As regards the permissibility of allowing words to 
change their meanings, it is obvious. of course, that 
this is the way in which a language is gradually 
formed. It may be that in the end a cart will be 
called a horse and vice versa, but until that happens 
it is a bit confusing. Moreover, the change of use 
often hides a metaphor which can be so _ valu 
able an illuminant to the ordinary meaning. For 
example, the word ‘swashbuckler’ means a fellow 
who stands out and swashes (that is, beats on) his 
buckler (that is, his shield). So completely has the 
meaning of the word disappeared that people refer 
to ‘swashbuckling’ as though it were the present 
participle of a verb ‘to swashbuckle’, showing that 
they do not know the origin of the word or recogniz: 
a beautiful metaphor. Unfortunately, this misuse 
happened centuries ago and so may now be con- 
doned. I prefer, however, to keep to the original 
meaning, and if I had to apply the adjective to Mr. 
Kacharach, I should call him a ‘bucklerswashing’ 
fellow, which would give a much more vivid picture 
of him than to call him ‘swashbuckling’. 

The same argument can be applied to ‘data’. If 
the world likes to use ‘data’ in the opposite sense to 
its original, it will lose the benefit of the metaphor 
underlying the original meaning. 

A. V. HILL 

University College, 

London, W.C.1. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the gublic) 


Monday, November 21 

ROYAL SocrgTy OF ARTs (at John Adam Street, i joatee. 
w.c2) at 6 pm—Dr. D. W. Kent-Jones: “Bread urther 
Lectures on November 28 and December 5.) (Cantor Lcoment 

[NSTITUTION OF THE RUBBER INDUSTRY, LIVERPOOL SECTION (at 
Comn 1on Hall, Hackins Hey. Liverpool) at 7 p.m.—Mr. J. R. Cox: 
“Rubbers as applied to the Electric ie Cable Industry” 

CusmicaL Society, OxrorD Sgcrion (in the Physical eg 
Laboratory, Oxford), at 8.15 p.m f. A. R. Todd, F.R.S.: “Syn- 


.m.— Pro 
thesis of Nucleotides” (Alembic C lub Lecture). (All Fellows are invited. ) 


Tuesday, November 22 
CHADWICK PUBLIC LECTURE (at dogg | College, Gower Street, 
London, W.C.1), at 2.30 p.m.—Prof. Hart: “The Influence of 
Modern Me thods of Surveying on the y ? 3m of Public Works 
Engineering and Town Planning” (Bossom Gift Lecture).* 


ROYAL ANTHROPOLOGICAL INSTITUTE (in the Physiology Theatre, 
University College, Gower Street, London, W.C.1), at 5 p.m.—Dr. 
W. B. H. Stanner: “An Australian Aboriginal Tribe of Arnhem Land” 
(Sound Film). 

INSTITUTION OF CHEMICAL ENGINEERS (joint meeting with the 
CHEMICAL ENGINEERING GRov?P of the SocreTy OF CHEMICAL INDUSTRY, 
at the Geological Society, Burlington House, Piccadilly, London, W.1), 
at 5.30 p.m.—Mr, N. Swindin: “Recent Developments in Submerged 
Combustion’’. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m. 

-Discussion on ‘The Electrical Measurement of Strain” (to be opened 
by Dr. F. Aughtie). 

INSTITUTE OF Puysics, ScoTTisH BRANCH (at the University, 
Edinburgh), at 7 p.m.—Dr. E. Finlay Freundlich : “The Future 
Development of the Astronomical Telescope’’. 


INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society of 
Tropical Medicine and Hygiene, 26 Portland Place London “ie 1), 
at 7 p.m.—Dr. W. J. 8. Naunton and Mr. J. M. Buist: “Bondi 

SHEFFIELD METALLURGICAL ASSOCIATION (joint meeting with the 
ROYAL INSTITUTE OF CHEMISTRY, at 198 West Street, Sheffield) at 
7 p.m.—Mr. G. E. Speight: “Some Aspects of the Deoxidation of 
Steel’’. 

PHARMACEUTICAL SOCTETY, MANCHESTER, SALFORD AND DISTRICT 
Baancu (joint meeting with the GuILD oF PURLIC PHARMACISTS. in 
St. Mary’s Hospital Lecture Theatre. Manchester), at 7.45 p.m.—Mr. 
H. Killshaw: “Photography in the Service of Medicine”. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SOUTH-EASTERN 
CouNTIES SEcTION (at The Cheny Tree, Welwyn Garden City), at 
8 p.m.— Dr. M. P. Balfe: “Leather, its Constitution and Properties’. 


Wednesday, November 23 


LINNEAN SOCIETY OF LONDON (at Burlington House, 
London, W.1), at 4.30 p.m.—Dr. A. Tindell Hopwood : 
Classification’’. 

GEOLOGICAL SOCIETY 0 LONDON (at Burlington House, 
London. W.1), at 5 p.m.—Scientific Papers. 

INSTITUTE OF PHYSICS, LONDON AND HOME COUNTIES BRANCH 
(joint meeting with the ROYAL METEOROLOGICAL Society, at the 
Royal Institution, Albemarle Street, London, W.1), at 5 p.m.—Dr. 
A. R. Meetham: “Physics of Atmospheric Pollution’’.* 


MANCHESTER LITERARY AND PHILOSOPHICAL SocreTY, CHEMICAL 
Section (at the Portico Library, Mosley Street, Manchester), at 
5.45 p.m.—Mr. J. K. Luke: “Plastics” 


SocteTyY OF CHEMICAL INDUSTRY, MICROBIOLOGICAL PANEL of the 
Foop Grovp (in the Large Hall, Medica! Society of London, 11 Chandos 
Street, Cavendish Square, London, W.1), at 6.15 p.m.—Mesars. E. B. 
Anderson and L. J. Meanwell: “Recent Work on the Bacteriology 
of Pasteurization”. 

INSTITUTE OF FUBL, NORTH-WESTERN SECTION (at the Refectory, 
the Cathedral, Chester), at 6.30 p.m.—Mr. A. D. Cummings: “A 
History of Fuel Technology”. 


MANCHESTER METALLURGICAL SOCIETY 
Albert Square, Manchester), at 6.30 p.m.—Dr. J. C. 
Metallurgy (other than Carbides)"’. 

ROYAL STaTIsTICAL Soctety, INDUSTRIAL APPLICATIONS SECTION, 
BIRMINGHAM GROUP (in the Chamber of Commerce, 95 New Street, 
Birmingham), at 6.30 p.m.—Prof. T. V. Matthew: “The Extension 
of Statistical Methods in Production Engineering’. 


_ INSTITUTION OF ELECTRICAL ENGINEERS, SHEFFIELD SUB-CENTRE 
(joint meeting with the YORKSHIRE BRANCH of the [INSTITUTION of 
MECHANICAL ENGINEERS, at the Royal Victoria Hotel, Sheffield), at 
: p.m.—Dr. A. Parker: “World Energy Resources and their Utiliza- 
ion . 

Socrsty OF INSTRUMENT TECHNOLOGY, NORTH-WEST SECTION (in 
the Reynolds Hall, College of Technology, Manchester), at 7.30 p.m.— 
Mr. C. H. Gregory: “Control Rooms for Chemical and Oil Plants”’. 


Thursday, November 24 
LINNEAN Socrgty OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Discussion on “Morphogenesis” (with Con- 
tributions by Prof. Ashby and Miss E. Wangermann, Prof. C. W. 
Wardlaw and Prof. G. R. de Beer, F.R.S.). 


Piccadilly, 
“Fossils in 


Piccadilly, 


(at the Engineers’ Club, 
Chaston : “Powder 
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UNIVERSITY OF LONDON (at King’s College of Household and Social 
Science, Campden Hill Road, London, W.8), at 5.30 p.m.—Prof. 
John Yudkin: “Food and Mankind”. 

ROYAL GEOGRAPHICAL SocreTy (joint meeting with the INTER- 
NATIONAL COMMITTEE FOR BIRD PRESERVATION and the BRITISH 
FimLD Sports Society, at Kensington Gore, London, 8.W.7), at 
6 p.m.—"British Wild Life” (Kodachrome films with commentary by 
Capt. C. W. R. Knight). 

ROYAL INSTITUTE OF CHEMISTRY, MANCHESTER AND DISTRICT 
SEcTION (at the Engineers’ Club, Albert Square, Manchester), at 
6.30 p.m.—Dr. W. G. Grace: “Forensic Medicine”’. 

ROYAL ABRONAUTICAL Society (in the Physics Laboratory, Royal 
Fort, Bristol), at 7.15 p.m.—Mr. E. J. Richards: “A Review of 
Aerodynamic Cleanness’’. 

Society For VISITING ScrenTists (at 5 Old Burlington Street, 
London, W.1), at 7.30 p.m.—Discussion on “‘Science in the Detection 
of Crime” (Speakers: Dr. H. ©. Holden, Dr. Keith Simpson, Dr. 
F. G. Tryhorn). 


Friday, November 25 


ROYAL ASTRONOMICAL Society (at Burlington House, Piccadilly 
London, W.1), at 4.30 p.m.—Geophysical Discussion on ‘“The Internal 
Constitution of the Earth’’. 

CHEMICAL SocrgTy, EXETER SECTION (joint meeting with the ROYAL 
INSTITUTE OF CHEMISTRY and the SOCIETY OF CHEMICAL INDUSTRY, 
in the Washington Singer Laboratories, Prince of Wales Road, Exeter), 
at 5 p.m.—Dr. U. R. Evans, F.R.S.: “Corrosion Inhibitors’’. 

CHEMICAL SOCIETY, NEWCASTLE AND DURHAM SECTION (in the 
Chemistry Building, King’s College, Newcastle-upon-Tyne), at 5 p.m. 
—Scientific Papers. 

CHEMICAL SocrETY, SOUTHAMPTON SECTION (joint meeting with the 
UNIVERSITY COLLEGE CHEMICAL Socrety, in the Physics Department. 
University College, Southampton), at 5 p.m. Prof. W. T. Astbury 
F.R.S.: ““Macto-molecular Studies with the Electron Micioscope”’. 

ROYAL STATISTICAL SOCIETY, RESEARCH SECTION (at the London 
School of Hygiene and Tropical Medicine, Keppel Street, London, 
W.C.1), at 5.15 p.m.—Prof. Alan 8. C. Ross: “Philological Prob- 
ability Problems”’. 

MANCHESTER STATISTICAL Society, INDUSTRIAL GROUP (at the 
Albert Hall, Peter Street, Manchester). at 6.45 p.m.—Mr. T. 
Fletcher: “A Statistical Inspection Scheme in Light Engineering’’. 

TELEVISION Society (at the Cinema Exhibitors’ Association, 164 
Shaftesbury Avenue, London, W.C.2), at 7 p.m.—D1. Leonard Levy 
“Modern Developments in Phosphors for Television’’. 

CHEMICAL SocreTy, GLASGOW SECTION (at the University, Glasgow). 
at 7.15 p.m.—Sir John Lennard-Jones, F.R.S.: “‘Modern Theories of 
Chemical Valency”’. 

ROYAL INSTITUTION (at 21 
9 p.m.—Prof. E. N. da C. Andrade, F.R.S8. : 


aa Street, London, W.1), at 
**Phosphorescence”’. 


Saturday, November 26 


MANCHESTER LITERARY AND PHILOSOPHICAL Socrety, SociaL 
PHILOSOPHY SECTION (at Holly Royde, 30 Palatine Road, Withington, 
Manchester), at 2.45 p.m.—Mr. Walter James: ‘Equalitarianism in 
Education” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PHYSICIST (with a good university degree, preferably possessing 
electrical engineering qualifications in addition), or an ELECTRICAL 
ENGINEER (fully qualified), as Head of the Physics and Mathematics 
and Electrical Engineering Sections in the Technical and Scientifie 
Register—The Ministry of Labour and National Service, Appoint- 
ments Department, Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.2, quoting A.268/49BH (November 26). 

LECTURER IN ORGANIC CHEMISTRY, and a LECTURER IN MATHE- 
MATICS, at Coventry Technical College—The Director of Education, 
Council House, Coventry (November 26). 

JUNIOR ASSISTANT CHEMIST in the Executive’s Laboratory Service 
(initially in the Central Laboratory at Chiswick)—The Staff Officer 
F/EV.109), London Transport Executive, 55 Broadway, London 

.W.1 (November 29). 

ScrenTIFIC OFFICER (with first- or second-class Honours in chem- 
istry or botany with subsidiary chemistry) for studies in Plant 
Physiology, and a ScI+NTIFIC OF ICER (with first- or second-class 
Honours in chemistry) for radioactive studies—The Secretary, 
Macaulay Institute for Soil Research, Craigiebuckler, Aberdeen 
(November 30). 

EXPERIMENTAL OFFICER IN THE MEDICAL STATISTICAL DEPARTMENT 
of the Directorate of Hygiene in the War Office—The Secretary, Civil 
Service Commission, Scientific Branch, 27 Grosvenor Square, London, 
W.1, quoting No. 2825 (December 1). 

SENIOR SCIENTIFIC OFFICER in a new section of Anthropology 
and Pithecology in the De’ —_ of Zoology of the British Museum 
(Natural History)}—The tary, Civil Service Commission, 27 
Grosvenor Square, London, W. 1, i olen No. 2841 (December 1). 

SENIOR PRINCIPAL SCIENTIFIC ‘OFFICER, and PRINCIPAL SCIENTIFIC 
Orricers (6), in the Royal Naval Scientific Service—The Secretary, 
Civil Service Commission, Scientific Branch, 27 Grosvenor Square, 
London, W.1, quoting No. 2839 (December 2). 

ASSISTANT LECTURER IN THE DEPARTMENT OF BACTERIOLOGY— 
The Secretary, Edinburgh and East of Scotland College of Agriculture, 
18 George Square, Edinburgh 8 (December 3). 
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Sexton Screntivic Orricer or Scientiric Orricer (with an 
Honours degree or equivalent in engineering and practical experience 
preferably in the design and use of unit mechanical handling systems) 
at a Ministry of Supply Research Establishment in the London area— 
The Technical and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting C.684/49BN (December 5). 

EXPERIMENTAL and SENIOR EXPERIMENTAL OFFICERS at the Atomic 
Energy Research Establishment, Ministry of Supply, for duties 
including Physics (nuclear, theoretical or Be. Electronics, 
Engineering Design, Metallurgy, Hematology, Chemistry (physical 
or inorganic), Chemical Engineering, Technical Library and Informa- 
tion Services—The Secretary, Civil Service Commission, Scientific 
Benak, 27 Grosvenor Square, London, W.1, quoting No. 2856 (Decem- 
ber 6). 

RESEARCH FELLOWSHIP IN Bropuysics at the John Curtin School 
of Medical Research, Melbourne—The Administrative Officer in the 
United Kingdom, Australian National University, 6 Gordon Square, 
London, W.C.1 (December 8). 

PROFESSOR, and LECTURERS (3), IN THE FACULTY OF VETERINARY 
SCIENCE, University of Queensland, Australia—The Secretary, 
Association of Universities of the British Commonwealth, 5 Gordon 
Square, London, W.C.1 (December 10). 

EXPERIMENTAL OFFICERS (2) IN THE Scottish HOME DEPARTMENT 
at the Marine Laboratory, Aberdeen—The Establishment Officer, 
Seottish Home Department, Room 3t4, St. Andrew's House, Edin- 
burgh 1 (December 10). 

PRINCIPAL SCIENTIFIC OFFICERS or SENIOR SCIENTIFIC OFFICERS 
(with good Honours degree or equivalent in Mathematics or in Physics 
with post-graduate mathematical experience) at a Ministry of Supply 
Research and Development Establishment near London—The Tech- 
nical and Scientific Register (K), York House, Kingsway, London, 
W.C.2, quoting A.279/49BN (December 12). 

CHEMICAL ENGINEERS (Princi Scientific Officer or Senior Scientific 
Officer grade) at a Ministry of Supply Research Establishment near 
London——-The Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.2. quoting F.814/49BN (December 14). 

SCIENTIFIC OFFICERS (with Honours degree or equivalent in mathe- 
matics, physics or engineering, and experience of experimental work) 
at the Royal Aircraft Establishment, Farnborough, for work on 
specification of scientific requirements and development of designs 
for large wind tunnels and other aerodynamic research equipment— 
The Technical and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting C.474/49BN (December 15). 

ASSISTANT IN THE DEPARTMENT OF ELECTRICAL ENGINEERING, 
University College, Dundee—The Secretary, The University, St. 
Andrews (December 15). 

SENIOR SCIENTIFIC OFFICER at the Royal Aircraft Establishment, 
Farnborough (duties involve theoretical investigation concerned with 
the basic principles of weapon design}—The Technical and Scientific 
Register (K), York House, Kingsway, London, W.C.2, quoting 
A.282/49BN (December 16). 

SENIOR EXPERIMENTAL OFFICER or EXPERIMENTAL OFFICER at the 
National Physical Laboratory, to take charge of a small group of 
workers preparing the ‘Radio Extracts’ which are published in the 
Wireless Engineer—The Secretary, Civil Service Commission, 27 
Grosvenor Square, London, W.1, quoting No. 2859 (December 17). 

SCIENTIFIC OFFICER (wiih good Honours degree or equivalent in 
chemical engineering or in chemistry with post-graduate academic 
training in chemical engineering) at a Ministry of Supply Research 
Establishment in Lancashire—The Technical and Scientific Register 
(K), York House, Kingsway, London, W.C.2, quoting F.792/49BN 
(December 19). 

PHYSICISTS or ELECTRICAL ENGINEERS (with good Honours degree 
and appropriate experience in industry or a Government establish- 
ment) at a Ministry of Supply Establishment in South Midlands, for 
work connected with Govelsement of radar equipments for R.A.F.— 
The Technical and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting A.280/49BN (December 21). 

MEN or WOMEN for research on micro-organisms of fresh waters— 
The Director, Freshwater Biologieal Association, Wray Castle, Amble- 
side, Westmorland (December 31). 

PROFESSOR OF THEORETICAL Puysics—Prof. J. K. Robertson, 
Queen's University, Kingston, Ont., Canada (January 10). 

OFFICIAL FELLOW to take charge of the teaching of Physics—The 
Principal, Brasenose College, Oxford (January 16). 

JOHN RANKIN CHAIR OF GEOGRAPHY—The Registrar, The Univer- 
sity. Liverpool (February 6). 

DIRECTOR OF THE WEST AFRICAN BUILDING RESEARCH ASSOCIA- 
TION—The Under-Secretary of State, Colonial Office “(Research 
epetmesh, Sanctuary Buildings, Great Smith Street, London, 

.W.1. 


SENIOR SCIENTIFIC OFFicER to take charge of a small Scientific 
Bureau in London, under the direction of the Secretary of State for 
the Colonies, to have custody of and arrange research on results of 
scientific activities of Falkland Islands Dependencies Survey—The 
Under-Secretary of State, Colonial Office (Research Department), 
Sanctuary Buildings, Great Smith Street, London, 8.W.1. 

SENIOR LECTURER IN ELECTRONICS, and a LECTURER IN THE DBE- 
PARTMENT OF INDUSTRIAL ADMINISTRATION—The Secretary, Royal 
Technical College, Glasgow. 

CHEMIST (with a degree in chemistry and some research or works 
experience) for research on refractories—The Personnel Officer, British 
Iron and Steel Research Association, 11 Park Lane, London, W.1, 
endorsed ‘Refractories’. 

PHYSICISTS or ELECTRICAL ENGINEERS in the Electronics and 
Electrical Departments—The British Scientific Instrument Research 
Association, Sira, Southill, Chislehurst, Kent. 

CHEMIST to the Endocrine Department—The House Governor, 
London Hospital, Whitechapel, London, E.1. 

DAIRY AND POULTRY OFFICER in the Veterinary Department of 
Northern Rhodesia—The Director of Recruitment (Colonial Service), 
Sanctuary Buildings, Great Smith Street, London, 8.W.1. 

DEMONSTRATORS IN THE DEPARTMENT OF AIRCRAFT PROPUILSION— 
A Registrar, College of Aeronautics. Cranfield, Bletchley, 
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RESEARCH ASSISTANTSHIPS in each of the following Departments of 
the College: Mechanical Engineering (Metrology), Chemis and 
Electrical Engineering—The trar, Central Technica! 
Suffolk Street, Birmi . 

MUSEUM TBOHNICAL INSTRUCTOR required by the Government of 
i. —The Crown Agents for the Colonies, 4 Millbank. London, 
S.W.1, quoting M/N/22382/3E. 

TECHNICIAN (Grade II) IN THE DEPARTMENT OF PsYcHoLogy— 
The Secretary, University College, Gower Street, London, Wy 
quoting Psychology/1. 

SENIOR TRCHNICIAN, and a TECHNICIAN—The Regions! Blog 
Transfusion Officer, National Blood Transfusion Laboratory, 19 Ney. 
port Road, Cardiff 

SENIOR ASSISTANT IN THE ENGINEERING DEPARTMENT of Canty 
Technical Co The Director of Education, City Hall, Cardi. 

TECHNICIAN FOR PHYSICS DEPARTMENT—The Warden and Segp. 
a Royal Free Hospital School of Medicine, 8 Hunter Street, Londop. 
V.C.1. ‘ 

LABORATORY ASSISTANT—The Head Master, Sloane School, Hon 
ensia Road, Chelsea, London, 5.W.10. 

LABORATORY ASSISTANT—The Head Master, Strand School, Bip 
Park, Brixton Hill. London. 5.W.2 

IRRIGATION ENGINEER in Sarawak, for the cultivation and sett. 
ment of an area of 5,000 acres suitable for intensive mechanic) 
cultivation and co-operative organisation—The Directo: of Keergig. 
ment (Colonial Service), Colonial Office, Sanctuary Buildings, Grea 
Smith Street, London, 8.W.1, quoting No. 27329/30. 

EXECUTIVE AND CHIEF RESEARCH OFFICER to organise and conduct 
a survey of the economics of cocoa-producing areas of Nigerig— 
The Survey Committee, Agricultural Economics Research Lustityte, 
Parks Road, Oxford. 

SENIOR GEOLOGIST, Nigeria (duties will include geological mapping, 
the study of mineral occurrences, water supply work, and the super. 
vision of junior scientific officers, as well as the training of technica) 
assistants}—The Director of Recruitment (Colonial Service), Colonia) 
Office, Sanctuary Buildings, Great Smith Street, London, 5,Wj, 
quoting No. 27079/26. 

LABORATORY STEWARD IN THE DEPARTMENT OF BOTANY—Th 
Registrar, The University, Notti b 


RBPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Through the Corridors of Time: an Outline of the Space-for-Time 
Wall Schedules of Human History and Geology. Prepared by E. W. 
Swanton. Pp. 36. (Haslemere: Haslemere Educational a 
1949.) 158 

Aslib Guides to Sources of Information in Great Britain. No.1 
The Paper Industry. Pp.ii+14. 2s. 6d. net; to Members, 2s. No.2 
Agriculture and Allied Interests. Pp. v+64. 16s. net; to Memben, 
138. (London: Aslib, 1948-1949.) (15s 

Philosophical Transactions of the Royal Society of London. Series 
B: Biological Sciences. No. 606, Vol. 233: Studies on the Onyeh- 
phora, 7, The Early Embryonic Stages of Peripatopsis, and som 
General Considerations concerning the Morphology and Phylogeny of 
the Arthropoda. By 8. M. Manton (Mrs. J. P. Harding). pete Ay . 
40a. No. 607, Vol. 233: Effects of Constant Temperature and Humidity 
on the Development of the Larvae and the Pupae of the Three Lodian 
Species of Xenopsylla (Insecta: Siphonaptera). By Dr. M. Sharif 
Pp. 581-635. 158. (London: Cambridge University Press, 1949.) [158 


Other Countries 
New Knowledge through Scientific Research in Mellon Institute, 
1948-49: the 36th Annual Report of the Director, E. R. Weidiein, te 
the Board of Trustees of the Institution, for the Fiscal Year ended 
February 28, 1949. Pp. iv+40. (Pittsburgh, Pa.: Mellon | 
lb 


1949.) 
Indian Central Cotton Committee. Scientific Monograph No. 2: 


: Indian Central Cotton Committee, n.d.) 6 rupees. 
Rhodes-Livingstone Papers. No. 14: Land Holding and Land 
Usage among the Plateau Tonga of Mazabuka District; a Recon 
naissance Survey, 1945. By W. Allan, Dr. Max Gluckman, D. U. 
Peters and C. G. Trapnell; with additional Sections by J. H. M. 
McNaughton and D. W. Conroy. Pp. vii+192. (Livingstone, N. 
Rhodesia: Rhodes-Livingstone Institute; London: Oxford Univer 
sity Press, 1948.) 8s. 6d. net. (128 
Rockefeller Foundation. A Review for 1948. By Chester I. Barnard 
Pp. 71. (New York: Rockefeller Foundation, 1949.) {128 
Fonds National de la Recherche scientifique. Vingt et uniéme 
Rapport Annuel, 1947-1948. Pp. 160. (Bruxelles: Fonds National 
de la Recherche scientifique, 1948.) vi: [128 
Unesco : Science Cooperation Office, Middle-East. List of Scientific 
Papers published in the Middle-East received by this Office between 
lst August, 1948, and 15th March, 1949. (No. 3.) Pp. vi+58. (Cairo: 
Unesco Science Cooperation Office, 1949.) a [158 
Transactions of the American Philosophical Society. New Series, 
Vol. 39, Part 1: The Whole Life Cycle of Chromosomes and 
Coiling Systems. By Prof. L. R. Cleveland. lig (Philade!phia : 
American Philosophical Society, 1949.) 1.50 dol ., 158 
Polska Akademia Umiejetnosci. Acta Monographica Musei His 
toriae Naturalis. The —— Fauna of Poland in relation to the 
World-Fauna of this Group of Insects. By Jan Stach. Family [soto 
midae. Pp. iii+488+53 plates. Families Neogastruri and B 
stomellidae. Pp. 341+35 plates, (Krakéw: Polska Akade 
Umiejetnosci, 1947-1949.) [158 











